be 
x hs 


‘ 
L 


a 


Sercecagt 
ere 
ree 


Waser 


Serene 


See 


Se ena 
Ae, 


eae 


eS 


: AGRICULTURAL COLLEGE. 
oF COLORADO 


ee 


TWENTY-SECOND ANNUAL REPORT 


OF 


» The Agricultural Experiment 
Station 


For 1909 


STATE BOARD OF AGRICULTURE 


TERM EXPIRES 


Hon. J. L. CHATEIELD, * Grypsvrt nce enrceceeeernecennenetmene 1909 
TER BUI 5 SS ch 7 0 9 ey ee eee 1909 
On ERE ROCKAEELLOW, Canon. City niece cence rgtt 
Pion et GRUB by Carer ese ceteris IQII 
Vite ers Wy COR DIN aaah at 1913 
Howse A. L.D Wee, eeort Collins... 2 eel IQI3 
Homer, LH -BROOKs, Colorado Springs... ee IQI5 
PION pe, BRUT SE Cele yaaa ener et IQtS 
Pon 1 AM ie ittleton tet tee 1917 
Hon, J. Co BELEGA* Momtrose niente IQI7 


Governor HENRY A. BUCHTEL ° 

PresipENt BARTON O. AYLESWORTH °° 
Governor JOHN F. SHAFROTH °°° } ee 
PresipEnt CHAS. A. LORY °°°° - 

A. M. HAWLEY, Secretary ¢ 

L. M. TAYLOR, Secretary t£ 

CHARLES SHELDON,}; Treasurer 

G. A. WEBB,+} Treasurer 


EXECUTIVE COMMITTEE IN CHARGE § 
B. F. ROCKAFELLOW, Chairman 
A. A. EDWARDS BADE 


EXECUTIVE COMMITTEE IN CHARGE §§ 
A. A. EDWARDS, Chairman 
J. L. BRUSH EM. AMMONS 


* Term Expired, April 14, 1909. 
** Term Began, April 14, 1909. 
° Term Expired, January, 1909. 
°° Term Expired, Sept. 1, 1909, 

°°° Term Began, January, 1909. 
°000 Term Began, June 2, 1909. 
+ Term Expired, April 14, 1909. 
ti Term Began, April 14, 1909. 
+ Term Expired, April 14, 1909. 
++ Term Began, April 14, 1909. 
§ To April 14, 1909. 

§§ Since April 14, 1909. 


BCA HD 


STATION STAFF 


freer CARE HN Paks MiSs DITeCtOr. i. .itiinn bia) 6 sale Irrigation Engineer 
(OO SRO OE ad DS a) a ee eb nih Geel OOMEIBRE ets Py = Entomologist 
AA, TERK? C091 DY BLS ley. Wai. Raa ds Pe! Dene aes eee Ammen) Ca ie a Chemist 
WHEN Miah PA DDOCK,*® Me Sine Vi la ware wea ere! «6 6) See Horticulturist 
Cie BE GO VNR CM a so Vic ML or sal at Mit aiety ca yee0. feo = n-ne Veterinarian 
ONAN OKCHy WS HER ALY ML eics Sikes bile da ese ava eae sa leteas's. Geen oe Agronomist 
ANC RIESW NOE LS! OU NL LAME 5 Bait SM tee ir eR Se SSR MMR 05 5 oe Bacteriologist 
TOD WalulgbAMSS BioSs Asm cin... 8 U. S. Expert in Charge Horse Breeding 
WEG or ER EUNINGE DD 8 PB, | Satgrias eneel elias ib a aera eke A Sere Se ta a Uv Horticulturist 
RE ISCO ESTO DINING al tio is vers eee sans Field Agent, Arkansas Valley, Rocky Ford 
EN ORET, AER LIVES AABN, GE = /Sis.this isc ey. ees abe eaaltoiny et onteiea te Assistant Irrigation Engineer 
Pe ACO) EO ID AVE? SS vt aainlas soevone: eral siahene tavern craic’ we caeeee Assistant Chemist 
PAG PO UG LAS Sk Mo Sig oe a cetsearel tater unk sorte ctalie 4) % eros Suet aston Assistant Chemist 
Seek U en Ure IO) EDN SOIN. OME. inte wameire, latelee teva. Saas: hy Bact Assistant Entomologist 
Peer Oe MONG BLA wis oM, Shee gue aeaverene we cvs iat Gielen bere Assistant Horticulturist 
LP SASCIN KOU SH A eae S aa os Ba eee artis CA sae en Roce Poa Assistant Agronomist 
ICED IEASINGS AZ PAT MYR Se) esac mye: aheher sss ausle@ttilerse ete ote s+ «sie aaeRemememae Artist 
DOC eeldES PRN Gas) He so ayies aed a uae heliorge deraele aie ES ayes as Be Assistant in Entomology 
NCemeM OREO EN Ps, code oh wal eae aa eens ere NA Aeeee «axis Potato Investigations 
STATE FRUIT INVESTIGATIONS. 
(Os TERNS 102) 5461 DAR hai aya acest oO emia es Grand Junction, Field Horticulturist 
EGHOn P WHEDON: HBr Gace ca tsca isi eae ioe: Delta,§ Field Entomologist 
{oops Mada Ge LOT Let ety SSS Ayr oA Gin tha goatee, igh nome Delta, Field Horticulturist 


* Resigned July 1, 1909, to become Professor of Horticulture, State 
University, Columbus, Ohio. 

** Appointed, Jume 1, 1909. 

*** Appointed, August 1, 1909. 

+ Resigned, March 15, 1909. 

++ Appointed, October 15, 1909. 

i777 Resigned, July 1, 1909, to become Professor of Horticulture, 
State Agricultural College, Bozeman, Montana, 

§ Transferred ta Grand Junction, July 1, 1909, 

§§ Appointed, July 1, 1909, 


LETTER OF TRANSMITTAL. 


To His Excellency, John F. Shafroth, Governor of Colorado: 

In accordance with the conditions of the Act of Congress 
which requires a full and detailed report of the operations of the 
Experinient Station, I have the honor to present herewith the 
twenty-second annual report. 

The financial statement is for the fiscal year ending June 30, 
the other portions being reported substantially for the current year. 

The publication of the investigations is made in separate form 
as bulletins, and these are freely distributed among the people of 
the State. 

L. G. CARPENTER, 


Director. 
The Agricultural Experiment Station, 


State Agricultural College, 
Fort Collins, Colorado, 
December, 1909. 
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FINANCIAL REPORT OF THE COLORADO AGRICULTURAL EXPERI- 
MENT STATION FOR THE FISCAL YEAR 


ENDING JUNE 30, 1909. 


RECEIPTS. 
Dr. HatTcH ADAMS STATE SPECIAL TOTALS 
FUND FUND FUND FUND 
From the Treasurer of the 
United States as per ap- 
propriation for the fiscal 
year ended June _ 30, 
1909, under acts of Con- 
gress. Approved March 2, 
1887, (Hatch Fund) and 
March 16, 1906, (Adams 
BRUVETLG ove aie se ih 1a (oats revlon $15,000.00 $11,000.00 
Balanceonv hand Julysl, 1908 0st alee imienie $13,027.39 $ 7,307.66 $20,335.05 
Pate OLMLo LO StAbO ADD Mowe vale caus igiele Mls | ad aueiyl aake 23500;00- _ esi. a on eee reer ee 
RRP ATIC LOM S stmamse ste tety fates tious a sceuslsieociay MM Lpteso teem stam maskecer sft teetse G6) TiLOLG2 2S Wace 
CEMPECROMPCENVENEN THO UIC Ose yole sus,aiee. o]) a durtanaledannoen Pi lameue “incl ehere 5,331.22 14,541.84 
ToTaL RECEHIPTS...... $60,876.89 
DISBURSEMENTS. 
HAtTcH ADAMS STATE SPECIAL TOTALS 
FUND FUND FUND FUND 
Be ALATIOS | 90.16: sais) suale)s 0 si'oie $ 8,352.74 §$ 8,005.54 $ 1,150.00 §$ 8,184.24 $20,642.52 
PAIS ODA ee to ls \siin oie isis «twists 788.68 5.25 822.94 1,132.72 2,749.59 
UP IICALIONG’. 27. to's \seiw si wie ve PAR STAG UN ila Geen Sack Gh eR 5 1,968.45 4,733.04 
Postage and stationery... 693.85 52.37 74.79 128.66 949.67 
Freight and express...... 277.48 42.25 2.30 377.94 699.97 
Heat, light, water& power. «2. .s.s6  esenienes 3.90 7.80 11.70 
Chemical supplies....... 9.80 AOS SIS BN NG nics ies vere 7.60 1,061.25 
Seeds, plants and sundry 
BUDDIES i nis)o ates ats slate a0 137.54 48.06 314.50 494.40 994.50 
ORCL ZIONS ror a ater stone, ae svvecelay | bw e thle) weiore”, cowiPale cele isiala oth > vue « «5c, + Mem Re ne enacts Mme Map ar ers term 
TOU ee SEUIES Miia shaw sthel ain) eevee Ne, ste tbe Weenie’ 0 paves, Soacee 2,385.52 2,385.52 
ME RATNG 2h aoa lala wlbapy isk sss/ay0 199.06 CUE) Sine thn. 3 <i 241.88 
Tools, imp’m’ts, & m’ch’y.. SHU Sun Aires 27.25 51.00 81.39 
Furniture and fixtures....” 378.71 414.50 2.50 15.00 810.71 
Scientific apparatus...... 10.00 321.49 28.94 292.82 653.25 
VO MSLOC aaah i oyaistetane chee Nratebalrcieva Vn Eb annie dav rsmen'chas ‘he whe kia douame 1,067.03 1,067.03 
Traveling expenses ...... 669.50 722.67 294.80 532.00 2,218.97 
Contingent expenses ..... 15.00 pteeingda 85.00 719.68 819.68 
Buildings and land...... 700.00 301.20 3,534.85 1,560.08 6,096.13 
PME TALAIOT ile ap ireaiale ait, P,.ats homie nad a Rusneonte IA 6,110.62 seemrivie ks omy 6,710.62 
TOTAL EXPENDITURE. ..$15,000.00 $11,000.00 $13,052.39 $13,874.94 $52,927.33 
SSATIANCH ip Wis coi sears aiacaele 2,475.00 5,474.56 7,949.56 
OT AT iar e tices none Hage $15,527.39 $19,349.50 $60,876.89 


* Special appropriation by State Legislature for the two years from December a: 


1908 to November 30, 1910, inclusive 


** This transfer was made to reimburse funds from which money was borrowed to 
enable us to continue certain work before the appropriation was available. 
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REPORT OF THE DIRECTOR 


Gentlemen: I have the honor to submit my report as Director 
of the Experiment Station for the year ending December first. 

This period includes part of two Government fiscal years. The 
reports of the various members of the Station staff are attached. 
There are other questions more fundamental to be taken up so that 
if I discuss the matters of detail so much time will be required that 
I am afraid the more important questions might be passed over. 

The financial situation of the Experiment Station is a trouble- 
some one, but of a different nature from that of the College. In- 
stead of a deficit there is a surplus accumulating. The funds are 
trust funds given under strict limitations both by Congress and by 
the State. They are not appropriations for College purposes, 
they are given as a means of doing certain work. The orderly prog- 
ress of the work of the Experiment Station under the Director, as 
developed under the regulations recommended by the U. S. Depart- 
ment of Agriculture, and as developed under the practices of the 
past few years, has been practically suspended, and up to the pres- 
ent time no definite plan has been substituted. Recommendations 
and plans of work submitted by the Director have neither been ap- 
proved nor disapproved. ‘The Director’s hands have thus prac- 
tically been tied. The funds must be expended within narrow 
limits. Any portion of the Hatch or Adams funds unexpended on 
July 1st of next year are confiscated. Any expenditure not made 
in accordance with the law and with the regulations, must be re- 
placed from other funds. It is going to be very difficult, if not im- 
possible, now to use the funds in accordance with the law in the 
remaining portion of the Government fiscal year. It may be for- 
gotten that the saving of expenditure of money is not a saving of 
our funds. It practically is the case that it is the unused balance in 
the Station funds that prevents a deficit in the College balances at 
the Bank, and a very large one. However commendable this object 
may be to prevent an apparent deficit and avoid paying interest at 
the Bank, the fact ought not to be lost sight of that so far as the 
Government funds are used for the purpose of avoiding the pay- 
ment of interest, that this might lead to serious inquiry on the part 
of the Government, and it is not impossible that it might be con- 
sidered as a perversion of the use. It might also lead to a claim 
for the repayment of the interest whose payment has thus been 
* avoided. : 

It is very common to think of these funds of the Experiment 
. Station as appropriations to the College, that is, as accessory to 
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College purposes, and the corresponding temptation to call upon 
these funds to help pay men for teaching, or to get apparatus whose 
function is teaching and not investigation. This is common, is not 
surprising and is especially probable at a time when College funds 
are comparatively low. This temptation shows in the desire to pay 
a disproportionate amount from the Station funds for people who 
have been called for College purposes, and to find reasons why this 
or that man should be paid from Station funds when he may have 
no qualifications for scientific work, and probably never would have 
been thought of as an investigator. Likewise when individuals find 
il difficult to get some desired apparatus for College work, it is very 
common for them to persuade themselves that such would be a 
valuable possession for the Experiment Station. These tendencies 
are natural, but nevertheless the use of Station funds under such 
interpretation would be improper. 

The only safe way is to consider that these funds are trust 
funds for specific purposes, and that the intention of the donors has 
not been to expand the College as a College, but given for other 
purposes. It is true that in many cases these gifts add additional 
burdens to the College as a whole. The Adams fund, for instance, 
cannot reach its fullest usefulness, in fact, cannot be expended un- 
less it is supplemented by other funds. It is not improbable that 
this was in the minds of Mr. Adams and his associates in pre- 
paring the bill. We cannot have the applications of science until 
we have the fundamental research, and research, however impor- 
tant it may be, is so quiet and retiring and its application may be so 
remote that public imagination is not appealed to, and popular sup- 
port is not readily given. The applications of science are much more 
evident to the public mind. It is, I think, almost certain that nearly 
everyone will concede that the limitations of the Adams fund, and 
the corresponding limitations of the Hatch fund, are wise and 
proper. 

In the interpretation of these Acts, I think it is evident that 
restrictions will be more and more from the standpoint of the Acts 
themselves. Correspondingly, expenditures made to help other 
needs, directly or indirectly, will be more and more excluded. In 
other words these two Government funds are specifically for scien- 
tific research. ‘They are not for teaching, they are not for Institute 
work, they are not for the dissemination of seeds or stock, or for 
ordinary information, or other such purposes, and the tendency 
will be to interpret this more strictly and to insist if these funds are 
given for such purposes that the conditions must be such as to give 
the proper surroundings for the best results. 

It may be well to summarize the finances of the Station. 

These may be classed under several heads: 
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1. The Government, Hatch and Adams Funds—The Hatch 
fund amounts to $15,000 per annum. ‘This appropriation is the 
foundation of the Experiment Station in this, and most other 
States. The conditions of the fund are relatively broad, but, never- 
theless, must be used for scientific investigations. ‘The conditions 
fixed by Congress were accepted by the State Legislature before any 
of the money was turned over. In case of misappropriation of such 
funds the amount misused must be replaced. This appropriation is 
received automatically. It is available for building only to a very 
small extent. In other words, in order to obtain benefit from this 
appropriation the State or College must provide the buildings. 

‘The Adams Fund.—The effect of this will be to double the 
appropriation from the U. S. It is available only for “original 
scientific research,” as distinct from the provision to verify experi- 
ments, as in the Hatch Act. It is not available for expenses of 
administration, nor for printing. It must be applied within nar- 
row limitations. This fund does not come automatically. It ceases 
the first of every July unless the Government shall approve the 
work of the Station and direct the Secretary of the Treasury to 
forward the money for the next year. In order to make use of this 
fund, buildings and other facilities must be provided by the State. 
The expenses of miscellaneous investigations, even though they are 
preliminary to Adams research, cannot be borne by the Adams 
fund. The conditions of this fund must be narrowly interpreted, 
and the result of attempting to expand them on our part is not to 
increase their usefulness, but will result just to the contrary. Any 
amount unexpended is not saved, but is lost. 

There is a large amount of miscellaneous work, especially in- 
quiries, that naturally gravitate to the Experiment Station. A 
great deal of miscellaneous information is called for. The expenses 
of Farmers’ Institutes have long been prohibited; the expense of 
issuing information bulletins has now been excluded. It is probably 
only a question of time when the expenses of miscellaneous work 
and inquiries must be borne by other than Government funds. In 
other words, the tendency of the interpretation of these Acts is to 
confine these endowments strictly for scientific investigation. It is 
recognized that there must be a great deal of other work done which 
is of exceedingly great value, just as it is recognized that there 
must be buildings, and it is expected that the States will provide for 
these themselves. 

2. The State Board of Agricultwre-——There have been sev- 
eral times when the State Board has made direct appropriations to 
the Experiment Station. This seems perfectly proper from the Act 
establishing the State Board. In effect the Board, from its College 
funds, has made indirect appropriations, as the buildings used by 
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the Station are furnished, lighted and heated by the College. This 
has long been the practice of the College, and is probably a just one 
and as justified as for the College to assume the repairs and mainte- 
nnace of buildings which may be gifts to the Institution to add to 
its general usefulness. This may be considered a burden on Col- 
lege funds. It undoubtedly is. On the other hand no one would 
deny that Senator Guggenheim, the United States, or any other 
giver, may offer a gift to the State or College, and attach such con- 
ditions as he sees fit. The State or College has the privilege of ac- 
cepting or rejecting, but having accepted, then it is bound by them. 

3. The State by Direct Appropriation—The Adams Act 
forced the necessity of additional funds in order to make full use 
of it. As already stated it does not cover the expenses of popular 
investigations, nor does it cover the inquiries in special lines. There 
is great need and opportunity for this very useful work. The State 
has made appropriations for a number of years. The State also 
can give its appropriations under such conditions as it deems de- 
sirable. They are not bound by the same conditions as the Hatch 
and Adams Acts, but their greatest usefulness is to supplement 
these Acts. This in effect they do. The last legislature appropri- 
ated $53,000 for such purposes for the biennial period ending De- 
cember I, I9I0. 


4. Special Sources——These include donations, gifts, sales and 
miscellaneous receipts. This has been largely during the past few 
years, a consequence of the other appropriations. This fund is, to 
some extent, the balance wheel in the Experiment Station, for upon 
it we must depend to tide over a temporary deficiency in other funds, 
or to tide over the time between December first and the date when 
the money appropriated by legislature becomes available. 

5. Ihe Horse Appropriation—The Government appropria- 
tion ought not to be considered a special fund. It is not under our 
control, but is an appropriation given by the United States for the 
horse experiment. It, like most other gifts, involves an additional 
expense on our part. 


CONDITION OF THE FUNDS. 


The Hatch Fund.—On November 1, there had been expended 
$3,240, since July ist, an excess of $1,760 over the proportional 
amount at a uniform rate, leaving a balance of $4,260. The bills 
have not been completed for December Ist, but the estimated pro- 
portional amount ahead is $2,300, and for January Ist, $2,800. 
This amount must be spent in the next six months in addition to the 
income of $6,500. As the current rate will leave an excess of $2,800 
more, which means that during the next six months our expendi- 
tures must be about $5,600 more than we have spent in the past six 
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months. In the past six months we have spent $4,700, hence we 
must more than double the rate of expenditure during the coming 
six months, and then reduce the amount after the first of July to 
correspond to the proportional amount. 

In the Adams fund the condition is similar. The first of De- 
cember we will have expended $3,800, or an excess of $1,555 over 
the proportional amount, and on the first of January an excess of 
$1,900. In the next six months this must be expended in addition 
to the $6,500 income, a sum of $3,800 in addition to the present 
rate, or an expenditure of $3,800 more in the coming six months in 
addition to the present rate. 

We cannot suddenly increase the rate of expenditure in either 
of these funds advantageously. This would be the case whether 
there were restrictions or not, but with the restrictions of law this 
cannot be used, especially the Adams fund, for the purchase of 
equipment, unless such equipment is specifically needed by a re- 
search which has been approved. 

The condition of these two funds, therefore, indicates the 
amount of surplus accumulating. The Executive Committee has 
expressed their wish to investigate the projects and to approve 
them. At present none of the projects payable from the Govern- 
ment funds have been thus approved. Ifa change in the past policy 
is to be made it ought to be done at once, and a new policy definitely 
decided upon. It is more important to determine the principles than 
it is the details. As it is at present I want to emphasize the situa- 
tion which means that there is almost sure to be an unexpended 
balance at the end of this fiscal year. The policy of making ex- 
penditures difficult, adds to the perplexity. It now takes from 5 to 
40 days to get an authorization for expenditure through the or- 
dinary channels. This is a cumbersome business method, and the 
restrictions which may be beneficial and helpful where it is neces- 
sary to prevent the expenditure of money, as in the case of the 
present College funds, yet add to the perplexity and annoyance 
of a large surplus to be taken care of, and more than that frequent- 
ly prevents the beneficial use of the time which is put at our dis- 
posal by the Government funds. 

I would respectfully call your attention to the need of some 
way of promptly securing action on proposed expenditures. 


STATE APPROPRIATIONS. 
The appropriations from the Legislature for the biennial pe- 


riod are as follows: 
For Fruit and Horticultural Investigations. ...$10,000.00 


For Potato Irivestigations ........-.+++s+ees% 10,000.00 
For Poultry Investigations ........ Berke esse Hot ae 


For Co-operative Horse Experiment.........- 
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Hor Amin ae GU StI ace wes lee lac nce vay evans nia suereStielanls 10,000.00 
MOruG rains ANG GYASHES <i csi sw ket «oa! oo wy ecenaneae 8,000.00 
For Farm Machinery and Roads............. 5,000.00 


‘In addition there was a special Act appropriating $2,000 for 
Cheyenne Wells. 

The conditions of the different sections making these appro- 
priations differ. ‘The only safe way is to interpret the appropria- 
tion within the strict letter of the Act. Several of the appropria- 
tions include publications. The appropriation for animal investt- 
gation and for poultry do not include publication. It is possible 
that the Auditor will interpret the appropriation with this as im- 
plied. 

The general conditions arising from State appropriations lead 
to various difficulties. The State fiscal year ends December 1. Un- 
der the original interpretation any unexpended balance at that date 
in the even numbered year, would revert to the State. The appro- 
priations passed by Legislature do not become available until the 
following summer or fall. This is in addition to the uncertainty as 
to whether we are to receive any of it. Hence investigational work, 
which is necessarily continuing in its character, remains in the air 
from December Ist until the action of the legislature is known, or 
until the money becomes available. ‘This is an undesirable situation. 
We cannot obtain men with the privilege of ceasing work abruptly. 
They are not in situation to remain for months without pay and 
with the possibility that they may receive none. At the beginning 
of the last biennial period our condition was rendered better by the 
interpretation of the Auditor that the unexpended balance might 
be transferred to the local treasurer. Hence in view of the period 
of delayed payments these balances were protected and were used 
to carry on the work until mid-summer. It is understood that the 
present Auditor holds that these funds must be entirely expended 
by December ist of next year. If that be the case then we must 
alter our plans. The uncertainty concerning the money that would 
be received has held back this work until late in the fall. The re- 
sult is that only a small part of the State appropriations have beerr 
expended. An undue amount must be expended during the coming 
State fiscal year. Only about $10,000 have been expended to De- 
cember Ist, out of an appropriation of $53,000. There is a little 
more than $4,000 in bills outstanding. ‘There is, therefore, about 
$38,000 to be expended in the next twelve months, or nearly four 
times as much as we have spent during the past twelve months. It 
would be far better in every way if this money could be used uni- 
formly and on the supposition that it would tide over to July, 1911. 

If that cannot be done we will need to face the situation that 
will arise next December. We shall have men ‘on hand and work 
under way whose bills will need to be met for six months of the 
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year following. The funds will be gone, or cannot be used, and it 
may lead to the necessity of asking for a deficiency appropriation 
from Legislature, but in the meantime what arrangements can be 
made with men and for the current bills? A regular income is far 
more effective than irregular, spasmodic supply, such as comes from 
these sources. 

As the best available way to meet these emergencies the Sta- 
tion has a special fund. There is now about $9,000 in that fund. 
About $2,500 of this amount is held for the expenses of the horse 
investigation under contract with the U. S. ‘There is, therefore, 
about $6,500. From this fund we must meet various expenses that 
cannot be met from the Hatch or Adams funds, nor from the con- 
ditions of the State appropriations. It may also be necessary to 
call upon this fund to tide over the period after next November, or 
at least for a time. Hence this fund serves as a balance wheel of the 
Station funds. Into this fund go receipts from various sources. 
The Hatch and Adams funds are fixed by law so that receipts from 
sales, even though in direct consequence, cannot go back to these 
funds. 

TABLE OF CONDITION OF FUNDS. 


Appropriated Expended to 

for two years, Dee. 1, 1909. 
ASTORULEE Ky CR Ne RE ES Ste ee $ 5,000.00 $1,514.97 
PAmindal IMG Ustry . ..... «eens 10,000.00 ($4,090 in bills) 2,909.75 
Grains and Grasses.......... 8,000.00 1,275.56 
Brutebnvestization ©... <.tesmne. 10,000.00 4,000.00 
Potato Investigation ......... 10,000.00 2,273.86 
Farm Machinery ....... «ase 5,000.00 ? 
Horse Investigation ......... 5,000.00 (approx) 3,000.00 
Cheyenne Wiells>.).(3:). ose as 2,000.00 


The statements of expenditure are not entirely exact, as they 
are made before the summation in the: Secretary’s office. The 
Plant and Animal may not include all salaries. 

It has been only within a few weeks that it has been certain 
that we should get the whole amount of the State appropriation. 
The conditions of the bill do not require that one-half be expended 
in either year, but permits an amount not exceeding a certain ag- 
gregate throughout the two years. The State appropriation sup- 
plements the conditions of the Hatch and Adams funds, and en- 
ables miscellaneous work and work which is not scientific and 
various inquiries to be done, which is of great use. The legislative 
appropriation for the continuance of the Cheyenne Wells sub- 
station, is for the sum of $2,000. ‘To open the station and equip it 
with a competent man, and provide the tools and animals necessary 
to carry it on, would involve an expenditure of at least $5,000 per 
year. A sum much less than that would be ineffective and of very 
little value. The way which seems to me to be best calculated to 
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obtain results from this small amount is to arrange for direction for 
a few days per month from some one like Mr. J. FE. Payne, or 
Prof. Cottrell, and thus to obtain his advice and constant supervi- 
sion‘and have him take the essential responsibility. Then to secure 
a man at a much less rate than a competent superintendent would 
require, who should conduct the operations under the direction of 
the superintendent. 

It would be best to have the work done by hired teams, or by 
teams and tools furnished by this man. That would avoid the ne- 
cessity of a large expenditure for tools and teams, and their con- 
stant maintenance. 

A surprisingly large number of requests come to the Experi- 
ment Station for information, and demands for various kinds of 
work, like analyses of soils and water. In most cases people making 
these requests do not realize that it would often mean several weeks 
work to meet their request. In many cases the people asking have 
a passing curiosity and would not know what to do with the results 
if they got them. There is, however, a certain amount of legitimate 
demand in this character of inquiry. It is miscellaneous work of a 
kind that cannot be met under the Hatch and Adams funds, be- 
cause it is not a part of a direct line of investigation. We have no 
other choice except to refuse these requests as kindly as possible, 
for there has been no other fund or means provided for meeting 
such requests. It is unquestionable that in many cases this has led 
to disappointment and perhaps unfriendliness. Of a corresponding 
character are the hundreds of miscellaneous inquiries of all kinds 
that are received. Some call for considerable inquiry and all take 
more or less time and energy. When these requests can be an- 
swered by such information as we have they are answered as fully 
as possible. There is, however, a tendency on the part of the Goy- 
ernment to interpret the Hatch and Adams funds still more strictly 
and where such miscellaneous work requires any notable expendi- 
ture of time and effort, to object to this being considered as one of 
the duties of the Experiment Station, or at least so far as chargeable 
to these funds. The remedy would seem to be toward meeting these 
from State appropriations, or from College appropriations, or pos- 
sibly from special funds. In the case of such work as analysis, if we 
should meet all the demands that are received, our chemical force 
could do nothing else, and the results would be of very little conse- 
quence. f 

The work that clusters around the Station is of several differ- 
ent characters. First the research work, which is work of high 
character, requiring high qualifications, special preparation, and is 
paid from Government funds. ‘This is work of a continuing char- 
acter and may extend over a series of years. It is the backbone of 
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the Station work, and may be considered Station work proper. 

Of a distinctly secondary character, requiring different qualifi- 
cations, but as useful in its way, is the work of inquiry, inspection, 
the distribution of information, etc., and the spreading of useful re- 
sults. This may not require the quailfications of a specialist, but it 
does call for more or less scientific training. This work may not be 
scientific, and although it receives a good deal of popular approval, 
it should not be confused with the more important work of the Sta- 
tion proper. There is a tendency for the work of inspection to cluster 
around the Station. The experience of the U. S. and of other Ex- 
periment Stations has shown certain principles of control and of 
management. ‘The gist of these were included in a letter to the 
State Board of Agriculture some ten years ago, and were adopted 
as the principles and regulations of the Experiment Station. They 
have been in force ever since, and under them our work has pro- 
gressed quietly and with beneficial results. The Station stands 
high in the scientific circles over the United States. Its work is 
quietly done so that in the local community it may not receive much 
attention. A scientific worker cannot afford to speak much of what 
he is going to do. He is governed entirely by facts, and thus while 
he might give columns in anticipation, the results may reduce to a 
few lines. The test of scientific work is its accuracy and its quality, 
not its quantity, not its public appreciation. We have reason to 
feel gratified with the position of our Experiment Station. It has 
gained the confidence of the scientific community and is gaining 
throughout the States because of its conservation and carefulness. 
A large part of its value is because it has been able to retain qualified 
men for a long period of time. This is partly due to the interesting 
questions in the State. The Director has constantly followed the 
policy of non-interference with the individual workers, so far as 
possible. ‘T'o see that their lines of investigation were proper, and 
then to surround them with the proper conditions for work. 

Undoubtedly some changes must develop. ‘The statements be- 
fore given indicate the necessity for expansion and additional work 
during the coming few months. If there are to be changes in the 
organization of the Station and the responsibility of the Director, 
they should be made distinctly and now. 

None of the funds of the Experiment Station have caused the 
Committee or the Board any worry to meet deficiencies, or to meet 
the obligations which arise as a consequence. It is evident that 
there must be an increase in the work and an increase in the Station 
force. The requirements of the work will make an increasingly 

large number who are paid principally or entirely from ‘Station 
‘funds. These men ought to be selected for their qualifications for 
Station work, and not as teachers, or for other qualifications. The 
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requirements as adopted provide that such employment shall be on 
the recommendation of the Director. There are many constantly 
selected to be paid from Station money who have not been selected 
in view of Station needs, and so long as such is the case the Sta- 
tion work is not apt to be especially creditable. 


The following Bulletins have been issued during the past year: 


Edition 

T36— Dewberry Growin gist cite esac darn 
137—Some Animal Diseases...............-- se tal Bk e 
138—Some Bacterial Diseases of Plants 
139—Pruning Mature Fruit Trees... 
140—Strawberry Growing in Colorado...... 
iA1—Grape Growing. j.ua ee 
142—Tillage, Fertilizers and Shade Crops for Orchards.......20,000 
143—Cabbage Growing... ee 20,000 
144—Celery Growing in ColoradOn nines a lsltgemnsrmnemenetnie 20,000 
145—Dry Land Farming in Eastern Colorado... cote 20,000 
146—Raising Hogs in Coloradoc cee Se 20,000 
147-—Top: Working Fruit: Trees: 22 se 20,000 
148—Cement and Concrete Fence Posts.ecccc.hssneconsrctemenioremensat 18,000 
149—Part I. Carrying Range Steers Through the Winter. 

Part II. Sugar Beets for Fattening Steers... 20,000 
152—T wo Common Orchard Mites. c.ccccccccsssaeesetmecesenscescceeesee 20,000 

Press Bulletins— 

47-—Hield Peas in; Colorado.t..g sp een eos 4+ 2,500 
AS— San Jose Scale jai. ole a tatenc..1.t Sre  a 5,000 
49—Treatment of Seed Grain to Prevent Smut... 10,000 


Correspondence Circulars— 
Potate NOtes..c1 dus, shu) sas |. et di 
Hog Raising in Colorado 
Orchard: Manag-emiettt.c.i2cca aot, ae STUN nee 
Preparing Land and Trees for Orchard Planting 
Cultural Methods for Some Common Vegetables 
Garden Accessories and Mushroom Growing 


re oe 
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EXCHANGES 


BOOKS, PAMPHLETS, SCIENTIFIC PROCEEDINGS, ETC. 1909 


Australia: 
Journal of the Department of Agriculture, Victoria. 
Annual Report of Bureau of Sugar Experiment Station, 1908-09. 


Canada: 
Experimental Farm Reports, 1908. 
Report of Superintendent of Forestry. 
Report of Grain Crop and Live Stock, Prov. of Sask. 
Results obtained on Dominion Experiment Farm. 
Report of the Womens’ Institutes of Province of Ontario, 
Report on Grain Crops 1908. Province of Alberta. 
Report of the Veterinary Director General Etc. 
Bulletin No, 4. Department of Canada Forestry. 
Report Department of Interior, Health of Animal Branch. 
Le Naturaliste Canadien. 
Forest Fires in Canada During 1908. 
Forest Conditions in the Crow’s Nest Valley, Alberta. 
Bulletin No. 6. The Riding Mountain Forest Reserve. 
Report of the Superintendent of Forestry. 
Report of Dept. of Agriculture and Immigration, 1908. 
Experimental Farms Report, 1909. 


Cuba: 
Circular 30, Soil Sterilizing. Bordeaux Mixture. 
Circular 31, Tetanus, or Lockjaw. 
Circular 38, The Preparation and Application of Insecticides and 
Fungicides. : 
Circular 34, Estacion Experimental Agronomica, 
Bulletin 13, Cabbage, Kohl Rabi, and Eggplant. 
Bulletin 14, Fertilizers. 
Bulletin 15, The Bud Rot and Some Other Cocoanut Troubles. 
Bulletin 16, Fertilizing Tobacco. 
Bulletin 17, Irrigation. 
Report, Secretaria de Agricultura, Comercio y Trabago, de la Re- 
publica de Cuba. 
England: 
Journal of the Royal Horticultural Society. 
Annual Report Rothamstead Experiment Station. 
Report, Stonyhurst College Observatory. 
Journal of the Cooper Research Laboratory. 
Journal of the Board of Agriculture. 
Catalogue of Books on Natural History. 
Germany: : 
Jabhresbericht uber das Gebietder Pflanzenkrauhisten, 
Veranftalfungen zur Forderumg des humif, etc. 
Notizblatt des Konig] Botanischen Gartens and Museums, 
Bericht uber die Takigkeit des Milchwirt fchaftlichen Instituts, 
Hawaii: 
Report of Experiment Station Work. 
The Hawaiian Forester and Agriculturist. 
India: 


Revenue Report of the Irrigation Branch. ; 
Irrigation Administration Report of United Provinces. 


Italy: i 
Bolletino della Arboricoltura Italiana, 
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Japan: 
The Insect World. 
Mexico: 
fl Agricultor Mexicano. 
New South Wales: 
The Agricultural Gazette of New South Wales. 
Report Botanic Gardens and Government Domain. 
Farmers’ Bulletin No. 6, f 
Report, Botanic Gardens and Government. Domains, 
New Zealand: 


Department of Agriculture Bulletins, 11, 12, 18, 14, 20, 21, 22, 23. 


Report, Division of Biology and Horticulture. 

Report, Experimental Farms. 

Leaflet for Gardeners and Fruit Growers, 
Russia: 

Russiches Journal Fur Hxperimentalle Landurrtshafts. 
Scotland: 

Notes from the Royal Botanic Gardens, Edinburgh. 
South America: 

O Criador Paulista, 

Boletim do Instituto Agronomico, 

Boletim do Sociedade Naconial de Agricultura, 

Cronica Agricloa. 

Boletim de Agricultura. 

Boletim Del Ministerio de Femento, Lima, Peru. 

Anales Agronomicos. 

Boletim y Registro Oficial de la Direcion, 

Hstrado De Sao Paulo. 

Anales Del Museo Nacional de Buenos Ayres. 

Peru Today. 

Bulletins Department Agriculture Federated Malay States, 
South Australia: 

Journal of the Department of Agriculture. 

Report of the Department of Agriculture and Intelligence, 
South Africa: 

Report of the Department of Agriculture, 
Spain: 

Notes on Fig Culture in Southern India, 
Sweden: 

Handlinger och Tidskrift, 
Transvaal: 

The Transvaal Agricultural Journal, 

Annual Report of the Department of Agriculture. 
Victoria: 

Journal of Agriculture of Victoria. 


UNITED STATES. 
Bulletin Texas Department of Agriculture, . 
Bulletin of the Lloyd Laboratory. 
Bulletin Oklahoma Department of Agriculture, 
Bulletin Iowa State College. 
Bulletin Upper Iowa University. 
Bulletin Georgia Department of Agriculture, 
Bulletin Alabama Department of Agriculture, 
Bulletin Maine State Board of Health. 
Bulletin North Carolina Department of Agriculture, 
Bulletin Clarkson School of Technology, 
Bulletin Georgia State Board of Entomology, 
Bulletin Utah State Agricultural College. 
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Bulletin University of Illinois. 
Bulletin Claremont Pomological Club. 
Bulletin New York State Museum, Education Department. 
Bulletin University of Georgia. 
Bulletin Massachusetts Agricultural College. 
Bulletin North Carolina Department of College. 
Bulletin Oklahoma State Board of Agriculture, 
Bulletin Wisconsin Horticultural Society, 
Bulletin Illinois Farmers’ Institute Year Book. 
Bulletin University of Kansas, 
Bulletin Oberlin College, 
Bulletin Florida Department of Agriculture. 
Bulletin Wisconsin Natural History Society, 
Bulletin Experiment Sta. Tuskegee Normal & Industrial Institute. 
Bulletin Winnebago County School of Agriculture, Wisconsin, 
Bulletin Missouri State Board of Agriculture, 
Bulletin Michigan State Museum, 
Bulletin Brooklyn Museum Arts and Sciences. 
Bulletin New York Botanical Gardens. 
Bulletin Oklahoma A. and M. College. 
Bulletin Division of Zoology of Pennsylvania, 
Cornell Rural School Leaflet, 
Circular University of Illinois. 
Cornell Reading Course for Women, 
Circular Pa. State Live Stock Sanitary Board, 
Circular La. State Crop Pest Commission, 
Commission of Horticulture of State of California, 
Hampton Leaflets. 
Harvard College Observatory Vol. 64. Nos. 4, 5, 6. 
Industrialist, The (Kansas State Agricultural College). 
Journal Cooper. 
Journal of N. Y. Entomological Society. 
Jewish Agricultural and Industrial Aid Society. 
Long Island Agronomist, 
MacDonald Movement for Rural Education, Canada, 
Marathon County School of Agriculture & Domestic Economy. 
Mass, Dept of Agriculture, Education of Public School Agri. 
North Carolina Department of Agriculture, 
Pure Products, 
Preceedings of Colorado Scientific: Society, 
Philippine Agricultural Review. 
Proceedings of the American Philosophical Society. 
Proceedings 25, Annual Convention Society of American Florists. 
Quarterly Bulletin Winnebago Co. School of Agriculture. 
Quarterly Bulletin State Normal School of North Dakota, 
Report Missouri Botanical Gardens. 
Report Illinois Farmers’ Institutes, 
Report State Entomologist of Illinois. 
Report W. Va. State Board of Agriculture. Highways. 
Report N. Y. State Veterinary College, ; 
Report Wyoming State Dairy Food and Oil Commission, 
Report Indiana State Entomologist. 
Report Michigan Board of Agriculture. 
Report Penn, Department of Forestry. 
Report Providence Public ee 
Report Montana Farmers’ Institute. 
Eo Nebraska State Entomologist and Botanist. 
Report Kansas State Board of Agriculture, 
Report Maine State petereees een 
y o State Board o fo) > 
ea occutce of U. 8, to Pan-American Scientific Congress, 
Report New Hampshire College of Agriculture. 
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Report of Director Carnegie Institute of Washington. 

Report Oklahoma State Board of Agriculture. 

Report Ohio State Grange. 

Report Board of Health of State of New Jersey. 

Report Montana State Board of Horticulture, 

Report of Progress, Colorado State Geological Survey. 
Report of Commission of Horticulture of State of California, 
Report State Board of Horticulture of Massachusetts, 

Report New Hampshire Horticultural Society. 

Report Pennsylvania Department of Forestry. 

Report Field Museum of Natural History, 

Report Texas Department of Agriculture, 

Sugar Beet Scientific Quarterly, 

Second Annual Announcement of the Murray School. 
Smithsonian Inst. Contributions from U, S. National Herbarium, 
Transactions of the lowa Horticultural Society. 

Transactions of the Wisconsin State Horticultural Society, 
Transactions of the Massachusetts Horticultural Society. 

Utah State Farmers’ Institutes. 

Wilson Bulletins. 


AGRICULTURAL JOURNALS. 


American Poultry Advocate, Syracuse, N. Y. 
Agricultural Epitomist, Spencer, Ind. 
Agricultural Advertising, Chicago, 1, 
Agricultural Southwest, Wichita, Kan. 
American Farm World, The, Augusta, Me, 
American Sugar Industry, The, Chicago, Ill. 
American Farm Review, The, Rochester, N. Y. 
American Fruit and Farm, Paonia, Colo, 
American Miller, Chicago, Il, 

American Fertilizer, Philadelphia, Pa. 
Better Fruit, Hood River, Ore, 

Cotton Seed, The, Atlanta, Ga. 

Colman’s Rural World, St. Louis, Mo, 
Cattle Specialist, The, Waukesha, Wis. 
BHlgin Dairy Report, Elgin, I). 

Fruitman & Gardener, Mt. Vernon, Iowa. 
Farm World, Chicago, Ill, 

Flour & Feed, Milwaukee, Wis. 

Farm Stock and Home, Minneapolis, Minn, 
Farmers’ Digest, Columbia, Pa, 

Farm & Stock, St. Joseph, Mo, 

Farm Life, Chicago, 11], 

Farm & Fireside, Springfield, Ohio, 

Fruit Grower, The, St. Joseph, Mo, 
Farmers’ Tribune, Sioux City, Iowa. 
Furrow, The. 

Farmers’ Guide, Huntington, Ind. 

Farmers’ Review, Chicago, Ill. 

Farm and Home. 

Farmers’ Helper, The, Greencastle, Ind. 
Farmers’ Advocate, London, Ontario. 
Farm Progress, St, Louis, Mo. 

Hospodar, Omaha, Neb. 

Hoards’ Dairyman, Fort Atkinson, Wis. 
Holstein Friesian Register, The, Battleboro, Vt, 
Homestead, Des Moines, Iowa, 

Indiana Farmer, Indianapolis, Ind, 
Illuminated World Life, Minneapolis, Minn, 
Kimball’s Dairy Farmer, Waterloo, Iowa, 
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Kansas Farmer, Topeka, Kan. 

Live Stock Journal, The, Chicago, II. 

Missouri Agricultural College Farmer, Columbia, Mo. 
Modern Farmer, Richmond, Va. 

Mark Lane Express, London, England. 
Minnesota and Dakota Farmer, Brookings, S. Dakota. 
Metropolitan and Rural Home, New York City. 
Market Growers’ Journal, Louisville, Ky. 
Modern Farming, Richmond, Va. 

National Grange, Concord, N. H. 

Nut Grower, The, Poulan, Ga. 

National Farmer and Stock Grower, St. Louis, Mo. 
New Zealand Dairyman, Wellington, N. Z. 
National Stockman and Farmer, Chicago, Ill. 
Ohio Farmer, Cleveland, Ohio. 

Oklahoma Farm Journal, Oklahoma City, Okla. 
Orange Judd Farmer, Chicago, III. 

Poultry Digest, New York City. 

Pacific Northwest, The, 

Progressive Farmer, The, Raleigh, N. C. 
Pacific Fruit World, San Francisco, Cal. 
Poultry Husbandry, Waterville, N. Y. 

Prairie Farmer, Chicago, Ill. 

Ranch and Grange, Denver, Colo. 

Rural Home, New York City. 

Rural New Yorker, New York City. 

Ruralist, The, Sedalia, Mo. 

Rural Life, Rochester, N. Y. 

Reliable Poultry Journal, Quincy, Ill. 

Rural World, London. 

South Western Mines, Albuquerque, N. M. 
Stock Farm, The, Lexington, Ky. 

Surburban Life, New York City. 


Southwestern Farmer & Breeder, North Fort Worth, Texas. 


Successful Poultry Journal, Chicago, III. 

Southern Agriculturist, Nashville, Tenn. 

Southern Fruit Grower, Chattanooga, Tenn. 

Southern Planter, The, Richmond, Va. 

Successful Farming, Des Moines, Iowa. 

Texas Farmer, Dallas, Texas. 

Up-to-Date Farming, Indianapolis, Ind. 

Western Empire, The, Los Angeles, Cal. 

Wallace’s Farming, Des Moines, Iowa. 

Washington Fruit Grower, North Yakima, Washington, 


NEWSPAPERS, 


Fort Morgan Times, Fort Morgan, Colo. 
Palisade Tribune, Palisade, Colo, 
Pueblo Chieftain, Pueblo, Colo. 

The Republic, St. Louis, Mo. 

The Salt Lake Herald, Salt Lake City. 


WEATHER BUREAU. 


Colorado Section. 
Illinois Section. 
New England Section. 
New Mexico Section. 
Oregon Section. 
Wyoming Section. 
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REPORT OF THE IRRIGATION ENGINEER 
AND METEOROLOGIST 


To the Director: 


The work of the past year of the Section of Irrigation Engi- 
neering and Meteorology has been largely a continuation of the 
work undertaken many years ago. We now have an accumulation 
of data in investigations connected with irrigation, and records in 
meteorology, and these have been carried on for a time long enough 
so that their reduction is the first thing of importance for the Sta- 
tion. The work of the year has therefore been principally directed 
toward reduction of this mass of data. During the same time cur- 
rent records have been continued and the time of Mr. Trimble has 
been principally directed to this end. Some of the work undertaken 
originally would not have been chosen had there been funds for ex- 
pense in the investigations then desired to be undertaken. The ag- 
gregate fund available for work for several years was in the neigh- 
borhood of $200 for the entire year, and this forced the selection of 
lines where expense was small. This led to attention to some lines 
like seepage, where aid was obtained from various sections of the 
State, and in this as in several others, the results proved of far more 
importance than was originally anticipated. The studies thus begun 
needed to be carried to completion, and the facts developed in con- 
nection with this and the irrigation survey of the State, led to the 
facts which gave the foundation for the successful defense of the 
State against attack as in the second trial of the Elephant Butte case 
and in the Kansas-Colorado case. The claims made here would 
have practically suspended irrigation for the future in Colorado, and 
in all of the western states. While the work of the Station was 
only the beginning of the facts needed for the defense, yet it is safe 
to say that without the previous work done by the aid of the Station 
such defense would not have been possible. It has often been sug- 
gested and desired to take up work in the immediate application of 
water to crops. Some work has been done in connection with the 
Duty of Water. The first bulletin on this subject was issued from 
here, and a considerable unpublished data is now available. Yet while 
there is here a field of value, the conditions of development have, 
after all, made the establishment of some of the principles concern- 
ing the rights to water of more fundamental importance. Unless 
the right to use water was recognized both by law and custom, the 
manner of application could be of relatively little importance. With 
the decision of the Kansas-Colorado case in 1907, there at once fol- 
lowed a great activity in irrigation development, not alone in Colo- 
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rado but all through the West. This decision for the first time es- 
tablished the fact that the riparian doctrine was not to be recognized 
in the arid region, and diversion from streams was to be recognized 
by the highest court of the land. And while there are other prob- 
lems troublesome enough, the fundamental one is settled in favor 
of the agricultural progress of the West. So far as our individual 
State is concerned there are other similar and analogous problems, 
and attempts have been made to prevent additional irrigation in 
Colorado in favor of new areas in lower states. For a considerable 
time it has been difficult or impossible to obtain government land for 
reservoirs in Colorado in the valley of the Rio Grande and of the 
Grand, under the contention that the water might be needed for re- 
gions much lower down. If the question of law be left to one side, 
the question becomes one of fact to be determined not from opinion 
but from the testimony of facts. As a side investigation a consider- 
able data has been collected, especially on the Rio Grande during the 
past dozen or more years, for the problem was looming in the fut- 
ure. 

There is now considerable unpublished work needing collation 
and preparation for printing. With the demands coming on me as 
Director of the Station, any continuity of thought or effort when 
here has been practically impossible. On assuming the directorship 
in 1899 the demands on time were insignificant, but with the in- 
crease in funds and in the complexity of Station work, the demands 
have become inordinate. 

In an investigation requiring considerable data, there are two 
natural periods—one the collection of the data, the other the colla- 
tion and the interpretation of it. While the accuracy of the data 
and the care taken is fundamental, yet the second stage is much the 
more difficult, and much more rarely is it done satisfactorily. The 
data which we now have represents the accumulation since 1888, 
when I first came here. The meteorological records represent one 
of the longest series in the country which have been made under one 
direction, and largely by one observer, and thus with 20 years’ rec- 
ord, form a peculiarly valuable series. In this we were one of the 
first to give more attention to agricultural meteorology and to those 
elements important to agriculture than to meteorology in its rela- 
tion to weather. We have maintained records of evaporation, of 
soil temperatures, of sunshine, of the energy derived from solar 
radiation, and these have been awaiting reduction. Because of the 
extent of the record, and the requests of those interested in the de- 
velopment of storage, and at the request of the U. S. Weather 
Bureau, we have given considerable attention the past year to the 
reduction of this series. Then, after that, it is hoped to take up 
some of these successively. ‘The construction of the new building 
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as provided by the legislature, and availability of the special Station 
laboratory, we shall then have the means to make the supplementary 
laboratory investigations needed to complete the field observations. 

The completion of the building and the laboratory facilities af- 
forded, with the additional funds possible from the Adams fund, 
will make it possible to take up the lines of investigations planned 
and referred to in reports nearly twenty years ago, and which it has 
been impossible so far to put into operation to any great extent. In 
the present building any laboratory investigation has been out of the 
question, for the crowded condition has been too evident to empha- 
size. A second important aid will come in the provision of fire- 
proof vaults for the preservation of records. ‘These records have 
become of great value not only as parts of investigations, but for 
their bearing on wider state questions, and as they depend on time 
which has elapsed, they could never be replaced if lost or destroyed. 

It is hardly necessary to say that the unprotected condition has been 
a matter of great anxiety and much relief will be experienced with 
their proper security. . The working up of these records becomes one 
of the most important matters, for now, with the accumulation of 
years, there is a long enough period to justify their reduction, and 
the possibility of death or disablement of myself would render them 
of little value, or at least of much less value than they should have. 

In the fruitful field of the relation of water to plants, the ad- 
ditional laboratory facilities will now render its cultivation possible. 
Attempts have been made to find the qualifications desired in a 
helper who could give his entire time to this field, but so far not with 
success in view of the requirements and of the compensation that 
would likely be available. 

During the year Mr, Trimble has continued as first assistant, 
having charge of the records, and Mr. G. C. Kreutzer, in computa- 
tions on the records. Their work has been conscientious and valuable. 
Now with additional available room for office and laboratory, it will 
be desirable to add two more men to the staff in this line of work, 
one to assist in field work, one in Adams investigations. 

Respectfully submitted, 
L. G. CARPENTER. ° 
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REPORT OF THE CHEMIST. 


To the Director: 


The work of the Chemical section during the year covered 
by this report has been confined to the study of the occurrence of 
nitrates in our alkaline soils and to the subject of poisoning of fruit 
trees by arsenical compounds used in spraying to protect the fruit 
from injury by the codling moth. 

We published bulletin 131 in July 1908, presenting the re- 
sults of our observations up to that time and which we believed to 
indicate so positively that severe injury has already been done by 
the various arsenicals used that we were fully justified in publish- 
ing the facts as we saw them. 

The matter is of such importance that we have continued our 
study of this subject with the view of ascertaining further facts 
pertaining thereto. We have had, in the prosecution of this subject, 
one object only in view, i. e. to discover the facts. If the arsenic 
does no injury, we are willing to continue to recommend its use 
in such strengths and its application as often as may be necessary 
to satisfy the orchardist; we have no prejudice against the use of 
arsenic on the trees, the land or the fruit, but if, as we believe, there 
is danger to the life of the tree, we are certainly justified in giving 
the people warning of the danger. I was fully satisfied when I 
wrote bulletin 131 that the continued use of arsenicals had in many 
instances caused the death of both apple and pear trees. No one has 
doubted for a moment that the pear blight, for instance, destroyed 
the pear orchards of Delta County almost completely and has done 
much injury elsewhere, but we have some orchards still on which 
we can have worm-free fruit only by, in some effectual way, pro- 
tecting it against the attacks of the codling moth. Many of the 
remaining pear trees are very sick and many have died from some 
cause other than blight. The blight may have also killed some 
apple trees, we know such to be the fact, but there are very many 
apple trees sick which have been attacked by blight and while this 
disease has practically wiped out the pear industry of some dis- 
tricts, it has not been a very serious burden on our apple industry. 

Winter killing has in some instances been the cause of the 
loss of considerable numbers of young trees particularly in cases of 
an early and severe freeze catching the young trees, after a period 
of vigorous growth with immature wood. There are also some 
cases in which winter injury may have been suffered by old trees. 
I am sure that there are such, at least I have seen trees which I 
was convinced had suffered from this cause. . 
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During the past season we have lost many trees from stiil 
another cause i. e. due to the excessive fixation of nitrogen in our 
alkaline soils; which subject will be mentioned more fully later. 

The number of sick and dying trees in our orchards, while low 
in percentage, aggregates a very big total of which by far the 
largest part is suffering from an affection which can in no way be 
attributed to blight, to winter killing, to the attack of fungi, or 
to the action of bacteria on the roots. These causes of trouble were 
all studied in connection with these trees by Prof. Paddock and 
Mr. Whipple, now Professor of Horticulture in the Montana Agri- 
cultural College. 

The trouble has appeared on trees growing in all of the va- 
rieties of soil occuring with us and is not dependent upon this 
factor. 

While I cannot discover any reason for doubting a single 
statement made in bulletin 131, 1 have, because of the importance 
of this matter to a very considerable portion of this state, as well 
as to others, spent a great deal of time in the field and have ex- 
amined a great many more trees, both apple and pear to discover, 
if possible, some reason, if any there be, why I should modify the 
statements of bulletin 131, in any particular whatsoever. This 
work is now about completed and my results will be presented very 
soon, in another bulletin on this subject. 


FIXATION OF NITROGEN IN OUR ALKALINE SOILS. 


My work on this subject, though not appearing as an indepen- 
dent project under the Adams Fund, has been prosecuted as vigor- 
ously as possible. ‘The work is so far advanced that I felt justified 
in presenting it at the meeting of the Society for the Promotion of 
Agricultural Science, held in Portland, August 17th, 1909, under 
the title of “Excessive Fixation of Nitrogen in our Alkaline Solis.” 
While we have established a number of facts regarding its occur- 
rence in the soils, in waste water mixed with drainage i. e. in the 
water carried by the Big Salt Wash near Fruita, in drain waters, 
and in waters issuing from the shales underlying irrigated mesas, 
there are some questions which we have not been able to study much 
less to solve. We have, however, proven the occurrence of very 
unusual amounts of nitrates at a number of places, i. e. in the San 
Luis Valley, in the Grand Valley, from Fruita to Palisade, in 
Harts Basin, at a point east of Delta, on California Mesa near 
Montrose, 2% miles north of Canon City, at Rocky Ford, and 
other points in the Arkansas Valley and at least one occurrence in 
the Poudre Valley. 

Professor Sackett has recently joined me in this work and 


has already obtained good cultures of azotobaster and established 
the fact of fixation beyond any doubt. 
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The extent to which the production of these nitrates in the 
soil has already advanced, in some instances, is sufficient to kill all 
vegetation, including many apple trees. That the nitrates are the 
cause of the death of the trees and other vegetation is not only 
indicated by the analytical results but also by experiments made 
on trees by the application of nitre within the feeding area of their 
roots when the same results were produced that we find in the 
trees dying within the affected areas. 

Experiments were made with salt, sodic chlorid at the same 
time as it was thought possible that it might produce similar re- 
sults but applied at the rate of five pounds to a tree set in the 
spring, 1907. ‘The results produced by the application of five 
pounds of salt were entirely different from those produced by the 
application of an equal amount of nitre. The results produced by 
the latter were in all respects similar to those observed in the field 
even to the killing of the tree when a sufficient quantity was applied. 
This subject will be presented in a bulletin just as soon as other 
work will permit. 

I have all the data for a short bulletin on the fodder value, 
heat equivalents, etc., of the Australian Salt Bush. The work on 
the Rio Grande water and its relation to the alkalies of the San Luis 
Valley is also practically completed. 

The report on these subjects, i. e. The Arsenical Poisoning of 
Fruit Trees, The Fodder Value of the Australian Salt Bush, ‘The 
Rio Grande Waters and Their Relation to the Alkalies of the San 
Luis Valley, and The Fixation of Nitrogen in Our Alkaline Soils, 
will be presented as soon as possible. 

I have not yet been able to begin the study of the subject of 
Mountain Irrigation, including the composition and fodder value 
of the hays grown under this system, but it is simply held in abey- 
ance because the other subjects have assumed such unforseen in:- 
portance, especially the occurrence of the nitrates on which a very 
large amount of work remains to be done. 

Respectfully submitted, 
Wn. P. HEADDEN, 
Chemist. 
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REPORT OF ENTOMOLOGIST. 


To the Director: 


Dear Sir: I have the honor to submit the annual report of the 
Entomological Section of the Experiment Station for the year just 
closing. 

Those taking part in the work in one way or another during 
the year, aside from the writer, have been Professor S. Arthur 
Johnson, Mr. L. C. Bragg, Mr. George. P. Weldon, Miss Miariam 
A. Palmer, and Mr. O. G. Babcock. 

Upon the whole I am inclined to estimate the insect depreda- 
tions of the year as being somewhat above the average in this 
state, although some of the worst insect enemies of past years, 
the orchard plant lice for example, have been less destructive than 
usual. The only outbreak of a new insect pest of importance during 
the year is that of the San Jose scale in a limited district upon the 
western slope which we hope to be able to completely control. 

The various projects will be referred to under the funds from 
which the expenses of the work were paid. 

ADAMS FUND PROJECT. 

Only one line of work has been supported from the Adams 
Fund the past year, and that was 
Project 3. Plant Lice Investigations. 

A good collection of the described species of the Aphididae is 
very necessary for reference in carrying on this project. I was 
able to greatly improve the collection during a summer trip going 
as far east as New York and Washington. Mr. Bragg also brought 
back a good number of species from Kansas, Missouri, Indiana and 
Massachusetts that were taken during a summer vacation trip. In 
all, more than one hundred species of the aphids were taken and 
the collection very much enriched thereby. 

Upon the findings of these trips one paper has been published 
in “Journal of Economic Entomology,” and another paper has been 
prepared and will appear soon. A full page plate of figures ac- 
companies each paper. 

_ Much added information has been acquired concerning life 
histories of Colorado species especially in regard to the fall and 
spring forms of the lice and their winter habits. 

A few species have been taken upon Colorado plants that 
seem to be new to science. ‘These have been described and figured 
in their various stages of development and will be published upon 
from time to time in scientific journals. 

- Paralleling this more technical work with the Aphididae has 
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been a series of experiments for their control in the field which 
will be spoken of under expenditures from other funds. 


HATCH FUND PROJECTS. 


Project 1. Miscellaneous Insect Pests. 

This project was proposed to enable the section to grapple 
with any unlooked for insect depredation that might demand at- 
tention during the year. 

San Jose Scale, Aspidiotus perniciosus. Early last spring 
Mr. O. B. Whipple sent me bits of bark from an apple tree near 
Grand Junction that had what he believed to be this scale insect 
upon them. A thorough examination proved the correctness of 
Mr. Whipple’s suspicions. Some eight or ten trees in adjacent 
orchards were found to be badly infested. Under the supervision 
of Mr. Weldon the orchards were thoroughly sprayed with lime- 
sulfur mixture before the leaves opened and almost a perfect clean- 
up of the scale resulted. Since that time Mr. Weldon has found a 
few contiguous orchards that are lightly infested. As State En- 
tomologist I am undertaking to have these infested orchards thor- 
oughly treated for the eradication of the scale before the leaves 
again open, 

PLANT LOUSE REMEDIES. 


A considerable series of tests have been made to determine 
the value of different insecticides for the destruction of the eggs of 
plant lice in early spring. A bulletin is in preparation giving the 
results of these tests which promise to be of considerable economic 
importance. 

I have also made a large number of applications to determine 
the comparative values of different insecticide materials for the 
destruction of the lice after they have hatched and are feeding upon 
the plants. This data is also being put in shape for bulletin pub- 
lication. 

Project 5. Experimental Orchard. 

A portion of the trees that were planted with crown galls 
were pulled during the summer and found to be very badly infested 
with galls, a few seeming to have been killed by them. The orchard 
has also served for Aphis experiments and for Dr. Headden’s ex- 
periments with arsenical poisoning. 

Project 7. The Potato Flea Beetle. 

Professor Johnson has continued his work with the potato 
flea beetle the past summer and along with that work tested out a 
few arsenical preparations for the destruction of the Colorado 
potato beetle. Professor Johnson has a bulletin in preparation 
covering this work. 
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The beet louse, Pemphigus betae, with which we did some 
work last year, was not abundant enough in any section of the 
state the past summer and fall to make it seem advisable to do 
any work with it. 

SPECIAL FUND PROJECTS. 


Project 4. Codling Moth Studies. 


Mr. Weldon carried through a spraying experiment in Delta 
County for the purpose of comparing a few important insecticides 
in their effects upon the apple worms; also to determine the value 
of rather weak arsenate of lead mixtures against this insect. The 
results indicate that sulfide of arsenic, a new poison for insects 
that was suggested by Dr. Headden for trial, was very satisfactory. 
In the use of arsenate of lead we were able to get apples 95% free 
from all worm injuries with one application using but two pounds 
of the poison to 100 gallons of water. I hope, before it is time to 
spray again for codling moth, to have a bulletin prepared giving the 
results of the more important work of this station with this insect. 
Project 6. West Slope Field Work. 

Aside from the codling moth work mentioned under project 
4, Mr. Weldon carried through a series of treatments for the 
destruction of aphis eggs in the orchard. A freeze just as the lice 
began to hatch, almost completely prevented any further hatching 
and so made the spraying of no effect. 

Mr. Weldon carried through some spraying experiments 
against the brown mite and red spider with excellent results. His 
conclusions have been published as Bulletin 152 of this station. 

For a fuller report of the work done by Mr. Weldon under 
this project I will refer you to his report to the Director of the Ex- 
periment Station for the year. 

I am accompanying this report with copies of invoice of all 
the station property in possession of the section on Entomology. 

Very respectfully submitted, 
CEs GILLETTE, 
Entomologist. 
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REPORT OF FIELD ENTOMOLOGIST. 


STATE FRUIT INVESTIGATIONS, 


To the Director: 


With the exception of ten days spent at Fort Collins last 
December, and two weeks spent in short course work in December 
and January, the past three years have been confined principally 
to the orchards of Mesa and Delta Counties. Until the 5th day 
of July most of my time was spent in Delta County where several 
experiments were conducted. Upon being moved to Grand Junc- 
tion on that date, work was immediately broadened out along the 
same lines that had been followed in Delta County. 

The experimental work during the year has resulted in some 
definite conclusions, and only in one case was practically no good 
accomplished. For the second time an experiment to determine the 
effect of different insecticides upon the eggs of green apple aphis 
(Aphis pomi), was a failure owing to the fact that eggs did not 
hatch on untreated trees in orchards where experimental work was 
done. It might be well to mention that in certain localities, in all 
probability, a damp, cold spell at the time the eggs began to hatch, 
destroyed practically all of them, for none were seen to hatch after 
the bad weather came on, and trees in those orchards were not 
infested until late in the season when the natural increase of the 
few aphids that did survive began to spread to them. 

Considerable experimental, as well as life history work, was 
done with brown mite (Bryobia pratensis), and red spider (Tet- 
ranychus bimaculatus). ‘The work done upon these two species 
results in the publication of Bulletin No. 152 of the Colorado Ex- 
periment Station, entitled ‘““IT'wo Common Orchard Mites.” 

Probably the most important work of the season was directed 
toward the codling moth. The season has been an exceptional 
one as regards injury from this pest. No doubt climatic condi- 
tions were partly responsible for this fact, but in many cases ne- 
glect of the first spraying, or carelessness in its application, re- 
sulted in not only one orchard being wormy, but adjacent ones also. 
Where many orchards in a locality are in reality one big orchard, it 
is necessary for the good of all orchardists concerned, that each 
individual do very thorough work in spraying It is never safe 
to neglect the first spraying of apple trees because of a poor showing 
of blossoms, or from some other cause, for often trees neglected 
have considerable fruit upon them, and if they were not sprayed 
when the calyces were open the worms are bound to be plentiful, and 
the infestation will spread more or less, to other trees. 
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More time has been spent in codling moth work the past sea- 
son, than in any other phase of the orchard problems, and many 
interesting things have been noted. In the early spring when the 
first spraying, at the time the calyces were open, was in progress, 
a great many orchards were visited, notes were taken on spraying 
equipment, insecticides used, its strength, thoroughness of applica- 
tion, etc. Many of these same orchards were visited again at picl- 
ing time, and counts made of apples, to determine percentage 
wormy in order to get all the data possible in regard to the spray- 
ing of an orchard for the control of the codling moth, Other 
orchards besides those visited at spraying time, were visited in both 
Delta and Mesa Counties when picking was in progress, making 
a total of 61 orchards in which counts of apples were made and 
records kept. The season’s observations and the experience of 
orchardists go to prove that the stress placed by some entomolo- 
gists upon the coarse nozzle, and a high pressure is of little con- 
sequence. ‘The theory of a driving spray is a nice one, but it is 
doubtful if it pays to waste, often double the amount of spray 2eces- 
sary, with the idea in view of driving it into the lower calyx cup. 
A spray such as is thrown by a good vermorel type nozzle with 
the coarse caps, and which collects in little globules in the calyx 
cup, will penetrate beneath the base of the stamens to the lower 
calyx cup better,. in all probability, than it can be driven in with a 
coarse nozzle of the bordeaux type and 200 pounds pressure. The 
experiments recorded in this report in which a vermorel nozzle 
was used, and in some cases with a very low pressure, along with 
observations in a great number of orchards, have led me to the 
above conclusions. 

Two and one-half pounds of arsenic of lead per 100 gallons 
of water is sufficient to kill codling moth larvae, as is indicated 
by the following average percentages of wormy fruit, from a 
number of orchards in each case. 2% lbs., 21% wormy; 3 lbs., 
307% wormy; 3% lbs., 25% wormy; 4 lbs., 41% wormy; 5 lbs., 
38% wormy; 6 lbs., 22% wormy. It will be noticed that the best 
record for the season was in orchards where only 214 lbs. per 100 
gallons of water were used. There are several things that might 
account for that fact. I believe it is true in most cases that the 
man who uses a weak insecticide tries to be very thorough, while 
the man who uses a strong insecticide is apt to depend too much 
upon its strength. While the insecticide used must be strong 
enough to kill the worms, it must also be applied thoroughly enough 
so that practically every worm that tries to enter an apple must 
take some of it into its stomach. ‘Thoroughness, then is the most 
important factor in connection with the spraying operation, and 
the man who uses a weak insecticide, provided it is strons enouch 
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to kill, and applies it until he knows that he has done a good job, 
is the man who is going to meet with success in controlling the 
codling moth. Again locality may account of the worminess of an 
orchard. As has already been hinted, an orchardist cannot well 
protect himself from the ravages of a second brood of worms, the 
result of a migration of moths from an adjacent orchard which 
has been improperly sprayed, or not sprayed at all. ‘The question 
of individuality relating to the man who holds the spray rod, is one 
upon which too little stress is placed, and yet one of the most 
important of all. It is not easy to do a good job of spraying, and 
the man who thinks that he can do so and have a dozen other 
things on his mind at the same time, had better be doing something 
else. However, we may account for the fact that 2'4 pounds of 
arsenate of lead per 100 gallons of water gave even better results 
in orchards where investigations were made, than higher strengths, 
we may feel sure, at least, that it was plenty to do the work satis- 
factorily. 

In certain localities one spraying is all that is necessary to 
control the codling moth. In Delta County a great many orchards 
were sprayed only once. The percentages of wormy fruit from 
these orchards which were visited, shows that much better results 
were attained than in orchards of other sections sprayed two, 
three, four, or five times. It is argued by some that worms were 
very scarce in Delta County and that there would not have been 
much trouble from them had orchards been left unsprayed. Sev- 
eral unsprayed orchards were found, and one of them which was 
visited had, by actual count of apples from a Ben Davis tree, 95% 
of its fruit wormy, while many orchards in the same locality, 
sprayed only once, while the calyces were open, had only 6% 
wormy. In the Grand Valley there seems to be no doubt but that 
every spraying after the third was thrown away. ‘The average 
percentage of worminess in orchards sprayed two, three, four or 
five times was respectively 17, 35, 36, 33 and 44. The difference 
of 3% between orchards sprayed three and four times is not 
enough so that any benefit could be claimed for the fourth spray. 

The records of individual orchards show that three sprayings 
did the work as well, in most cases, as four. The two spraying 
records as well as the one, are not considered here, for in the case 
of the former most of the orchards visited were in Delta County, 
and in the case of the latter all of them were. That every spraying 
after the third was thrown away in the Grand Valley seems almost 
positive, and it is doubtful if it is necessary to spray more than 
twice if the first spraying is done at the right time, and with thor- 
oughness. In order that two sprayings may be successful in con- 
trolling the codling moth, it is necessary that everyone spray, not 
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only certain varieties that bid fair to have a good crop, but every- 
thing in the shape of an apple tree that blossoms at all. 

The most striking thing in connection with the record of 
unsprayed trees is the large percentage of apples wormy in the 
calyx end. An orchard sprayed thoroughly -at the time when the 
calyces are open should have very few calyx worms at the end of 
the season. A calyx cup well filled with arsenic in May is a death 
trap for every worm that tries to enter that way in August or 
September. 

The experiment recorded in this report was considered a failure 
until the second brood of worms came on in August, yet several 
trees gave the remarkable record of not a single calyx worm. The 
total percentage of calyx worms in apples of trees unsprayed was 
69, while in those of sprayed trees the total percentage was only It. 


EXPERIMENTS IN ORCHARD OF J. B. HART, ECKART. 


This orchard was chosen for the experiment because of the 
good prospects for a heavy crop, the convenient size of the trees, 
and because of the fact that there were a great many worms in the 
apples that the trees produced last season. A block of 215 Ben 
Davis trees were selected from the orchard, 202 were sprayed and 
13 were left unsprayed for checks. Following is a record of in- 
secticides used and the percentage of wormy fruit in each case. In 
figuring percentages any apple having a mark in the skin made by a 
codling moth larve was considered wormy: 


Princkbeat, “i part to so parts water.......... Seeman wormy 
Sulfate of nicotine, 10 oz. to 50 gals. water.. r wormy 
Sulfate of nicotine, 12 oz. to 50 gals. water... 27% wormy 
Heine, 25 -lbseto SO calss water ..................... ene 41% wormy 
Pe piv eusircesys tae ee 41% wormy 
Sulphide of arsenic, 1 gal. to 50 gals. water. wormy 
Sulphide of arsenic, % gal. to 50 gals. water ae wormy 
Arsenate of lead, 2 Ibs. per 100 gals. water... cence 5% wormy 
Arsenate of lead, 3 lbs. per 100 gals.water.. ew 4% wormy 
Arsenate of lead, 4 lbs. per 100 gals. water. 4% wormy 


The number of calyx worms in apples of arsenic sprayed 
trees ranged from 0 to 7. In apples of trees that were not sprayed, 
or which were sprayed with an insecticide that was ineffective, the 
number of calyx worms ranged from 98 to 481. 

The following conclusions may be drawn from the ee 

1. Nicotine preparations are of very little value, if any, i 
controlling the codling moth. 

2. Sulphide of arsenic is practically as good as arsenate of 
lead, and further experiments will probably show that it is en- 
tirely as good. 


e) 
ne 
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3. Two pounds of arsenate of lead per 100 gallons of water 
is enough, when carefully weighed and applied, to do excellent 
work. 

4. It is possible to keep practically all the worms from enter- 
ing the calyx for the entire season by a spray at the time the calyx 
is open. 

‘5. A vermorel type nozzle is just as efficient as a bordeaux 
type, and does not waste so much of the spray. A low pressure is 
practically as good as a high, provided enough pains are taken to do 
thorough work. It is easier, however, to do thorough work with 
a high pressure machine. 

6. One spraying given at the time the calyx is open is suffi- 
cient in certain localities, at least, to control the codling moth. 


SAN JOSE SCALE. 


This pest was found by Mr. O. B. Whipple in two adjacent 
orchards early last spring. Both orchards were thoroughly treated 
with home prepared lime and sulphur, using 20 pounds of lime and 
15 pounds of sulphur to 50 gallons of water. It is gratifying to 
note that the scale was practically exterminated from these two or- 
chards. It had, however, previously spread to several others in 
the vicinity, and up to the present time a total of 15 infested or- 
chards have been found. An effort will be made to exterminate it, 
or at least to check its spread. 

Respectfully submitted, 
Grand Junction, Colorado, GrorcE P. WELDON, 
December 1, 1909. Field Entomologist. 
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REPORT OF HORTICULTURIST AND POTATO INVES- 
TIGATIONS. 


To the Director: 


The work in Experiment Station has been somewhat broken 
up owing to the numerous changes in the Horticultural section. 

Until August Ist my time was employed in investigating the 
potato industry. Since that time so much of my time has been 
devoted to class and executive work in the college department of 
horticulture that little time could be given to the potato investiga- 
tion. Mr. C. L. Fitch was employed October 15, 1909, as assistant 
to carry on the potato investigation. My policy for the future work 
of horticultural investigation is to follow up and complete the pro- 
jects previously outlined as far as possible. Some of these projects 
have been completed and the results published in bulletins. This 
schedule with its present status is as follows: 

The Raspberry Industry. Not yet worked up. 

Tomato Blight. Some work was done on this subject the past 
summer but no definite results were obtained as there was little 
blight in the fields. It has been quite definitely determined that 
this trouble is caused by a Fusarium and that when clean soil is used 
for the seed bed, clean tools are used in handling, and the plants 
are set in uninfected soil the plants are not seriously troubled witi 
this disease. The disease is evidently much worse some years than 
others. This investigation should be carried on as the tomato 
growing industry is becoming more important in Colorado each 
year. 

Raspberry Yellows or Raspberry Blight. The work done wit!: 
this disease indicates that this disease is caused by a fungus, but no 
remedy has as yet been discovered. ‘The investigation should 
be continued. 

The orchard, plant, location, site and soil for orchard in- 
vestigations, history and development of the fruit industry in 
Colorado, etc., are in the hands of the West Slope Fruit Investiga- 
tion. 


Cold storage of Vegetables has not been sufficiently investi- 
gated to report. 

The Cabbage Industry of Colorado has been written up and 
published as a bulletin. 


: a Strawberry Industry has also been written up and pub- 
lished, ‘ 


Black rot of strawberries is a disease (probably fungus) that _ 
is causing much trouble and the investigation should be continued. 


AGRICULTURAL EXPERIMENT STATION. 37 


The potato industry investigation has been carried on along 
practically the same lines as in previous years except that owing 
to the increased appropriation more demonstration work has been 
- attempted than in previous years. 

A tract of ten acres of land at Greeley was rented from San- 
bourn and Houston and planted to potatoes. ‘The object of this 
work was partly to compare varieties of potatoes in hopes of ob- 
taining a variety that might be more reliable in the Greeley dis- 
trict than those now grown and also for a study of seed of the 
standard variety (Pearl) from different sources. The crop was 
not a success owing to the poor season and the ravages of the 
potato beetle. Some valuable data was secured however as the 
value of seed from different places. 

A quantity of seed potatoes from Fort Collins was sent to 
Middle Park to determine the advisibility of growing potatoes in 
that section of the state. Although this seed was planted late the 
resulting yield of potatoes was good (about 100 sacks per acre), 
and the appearance and quality of the potatoes was unexcelled. 
About five acres of potatoes were planted on the horticultural 
grounds of the college. 

The object of this plot was to have material for disease study 
and to test different types of seed, seed treatment for scab, ete. 
A fair crop was obtained although grasshoppers caused serious 
injury. 

Another plot of potatoes was planted at Eastonville, Colo., in 
co-operation with the Russel Gates Mercantile Co. The object of 
this was to study the seed potato proposition of the ‘Arkansas 
Divide” country. A very poor crop was obtained. Co-operative 
work with potatoes was also carried on in other parts of the state 
for the purpose of obtaining information as to the status of the 
industry in the different sections. 

During the year much time has been devoted to institute work. 
This work was largely for the purpose of promoting the potato. 
industry and better cultural methods, etc. 

Respectfully submitted, 
E, R. BENNETT. 
Horticulturist. 
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REPORT OF FIELD HORTICULTURIST. 
STATE FRUIT INVESTIGATIONS. 


To the Director: 


The following report covers the work done from July 15th, 
1909, to November Ist, of the same year. ‘The work has been more 
along the line of investigating and studying orchard conditions, so 
that by another year work can be done on an experimental basis on 
subjects of importance to the orchardists of this state. The work 
this summer has been carried on with the best of harmony with the 
growers, and at all times they were willing to co-operate in the 
work. All suggestions have been as conservative as possible, as it 
was thought better not to give any exact or detailed advice, until 
the conditions could be better studied, although all of the help pos- 
sible on general lines was given. A great many orchards were 
visited, but there were quite a few that it was impossible to get 
into on account of lack of time, although all places on request were 
visited. 

A good deal of time was spent with Mr. G. P. Weldon, the 
Field Entomologist, and Mr. H. A. Richardson, the Delta County 
Horticultural Inspector, who were very kind in helping me to get 
acquainted with different orchardists and orchard conditions. 

The approved lines of work were such that at least for the 
most part could not be carried on at the time I arrived. ‘They were 
. the following: 

1. Study of Fruit Buds. 
2. Notes on Season of Bloom. 
3. Crossing Apples. 


STUDY OF FRUIT BUDS. 


Some work on Study of Fruit Buds was done by Prof. O. B. 
Whipple, and embodied in the Bulletin No, 139, “Pruning Mature 
Fruit Trees,” and as he suggested: “It may be well to continue the 
work along this line, not only to determine how different varieties 
bear their fruit, but to determine how soil conditions or cultural 
methods influence a fruit bearing habit.”’ Some notes have been 
taken on the subject this summer, but more data from time to time 
will have to be gathered before any definite conclusions can be 
made, telling how soil or cultural methods influence a fruit bearing 
habit. 

, NOTES ON SEASON OF BLOOM. 

Regarding this, Prof. O. B. Whipple made the following 

statements: “The object of this work has been to determine what 
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varieties are adapted to interplanting, with the idea of providing 
for cross fertilization. The relative blooming season of varieties 
has been found to vary considerable from year to year. So far, 
the notes have shown that with few exceptions the different va- 
rieties of apple bloom near enough together to insure cross fertili- 
zation. Practically all varieties of pear bloom almost simultane- 
ously. These observations may be carried on with other work, and 
should be continued for some years to determine whether the con- 
clusions reached with the limited data at hand are reliable. 
CROSSING PEARS. 


The object of this was to determine what varieties were self 
sterile, and what varieties were adapted to cross fertilization, the 
main object of this was to produce a good seedless variety. Prof. 
O. B. Whipple says that very little has been accomplished, on ac- 
count of the losses of the fruit crop by frost, and I came too late to 
do anything with it this year. 

PLANT DISEASES. 


In general the orchards are in very, good condition as far as 
plant diseases are concerned. There is some trouble from arsenical 
poisoning, and it is feared that the trouble is on the increase. * 

APPLE DISEASES. 

Alternaria.—This was noticed working on apples which had 
been badly injured from hail. The area that was damaged by hai! 
was small. It might be well to add, in this connection, that the 
Ben Davis and Jonathan were damaged the worst by hail (Sept. 1) 
and the Rome Beauty, least. 

Mildew.—A powdery mildew of the apple was found to a 
limited extent on top worked Rome Beauty. This was controlled 
by half strength Bordeaux. 

Blight—Except in a few cases, blight has not done much 
harm this year. ‘The twig or spur blight was controlled by picking 
off the affected parts and burning them. Some damage was done 
by what was supposed to be trunk blight. One case was found 
where about twenty Ben Davis trees were nearly girdled. These 
trees were sixteen to eighteen years old, and except for the injured 
trunk seem to be in good condition. The affected bark had been 
cut away, and the wound washed with a weak solution of corrosive 
sublimate (1 to 2,000)., Close watch will be kept on these trees to 
see what develops. 

Rosette —This trouble, although often found in apple trees, 
is also found affecting other trees, such as pears and plums. So 
far it appears that this trouble is due to soil conditions, the tree 


* Dr. Headden is still working on Arsenical Poisoning, and also on 
the trouble that is causing the ‘‘brownh” leaf. ° 
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showing a lack of proper food material, as is shown by the growth 
of the branches. It will be generally noticed that where rosette 
appears that each present year’s growth is less than the year before. 
It is believed that with proper cultivation and the raising of a legu- 
minous crop, which later plow under, that this trouble to a great 
extent at least can be eradicated. 

Winter Injury.—Quite a number of young apple trees were 
frozen at the ground line during the last winter. Two year old 
Rome Beauty seemed to be affected the worst. For example, in 
an orchard where Rome Beauty, Jonathan and Gano were planted. 
and where all of them showed the effect of freezing at the ground 
line, causing the bark to bridge up as though it had been slit for 
an inch or so with a knife in two or three places around the tree, 
the Jonathan and Gano had been able to heal over, but the Rome 
Beauty in most cases had dried out, causing a girdle. These trees 
had all been headed too high, and had been sun scalded on the 
southwest side. In the part of the orchard where a garden had been 
grown the summer before, and where weeds had been allowed to 
grow, the trees escaped injury. In another orchard under about 
the same conditions, the trees were protected by a wire netting, 
twelve inches high, placed around the trunks, as very few showed 
any signs of ground line freezing or sun scald. 

Yellow Leaves.—Quite a few small yellow leaves were noticed: 
on apple trees. They were immature, rather thick and from one- 
fourth to one-half the natural size; were always found to be the 
first leaves that came out, and were undoubtedly injured by late 
spring frost. 

Frost Marked Apples——Many of the apples this year showed 
frost marks, which was generally showed as a russeting around the 
blossom end, and in some cases the calyx were frozen off without 
injuring the apple, as far as maturing it was concerned. 


PEACH DISEASES. 

Peach Mildew.—But one orchard was found which was badly 
affected with this trouble. The worst affected trees were dug out 
and burned. The rest of the orchard will be watched to see that 
the mildew is controlled either by Bordeaux or self boiled lime- 
sulphur. 

Brown or Pustlar Spot.—This trouble was first brought to 
notice in September, as appearing principally on Albertas, it was 
later found on seedlings. In some places, there was considerable 
loss and the trouble seems to be in a good many localities, although, 
in general, there has not been so far much trouble from it, but be- 
cause it appeared to some extent in an orchard last year and was 
worse this year, it has been thought best to do some experimental 
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work on it during another year. Self boiled lime-sulphur 10-10-50, 
might prove a good remedy for this trouble. 

Gummosis.—Quite a number of peach trees have been found 
dying from a girdled condition of the trunk at the ground line. 
Trees of different ages are affected alike with gummy substance 
being exuded. On August 26th, some of this substance was in- 
oculated in the trunk at the ground line of a healthy tree. On 
September 26th, the wounds had dried up and from appearance it 
looked as if the trouble could not be transmitted by inoculation. 
Prof. Sackett was unable to find any disease germs in specimens 
sent to him. So the trouble may be only mechanical in nature, and 
might be caused by winter injury. 

Gummy Peaches.—Quite a few of these have been noticed this 
summer, and careful examination by Prof. Longyear showed that 
not all of the trouble was caused by the peach twig borer, as many 
people supposed, but by the spring cold weather which killed the 
embryo of the seed but did no injury to the fleshy part of the peach. 

‘Yellow Peach Leaves.—For the most part, it is believed that 
when leaves turn yellow early in the season that it is due often to 
early maturity. This is true where the yellow leaves are the oldest 
ones and have been shaded and robbed from plant food by the 
younger and more recent growth of leaves. Peach trees of early 
varieties often turn and lose their leaves in September. Especially 
is this true of trees over five years of age, and where they have not 
been allowed much water, and also where they are planted rather 
close together. 

PEARS. 


Outside of the pear blight and trees occasionally killed by 
arsenical poisoning, the pear trees seem to be quite free of disease. 
The pear blight has been pretty well controlled by picking and 
burning the affected parts. A few trees have been killed by what 
appeared to be leaf blight; the cause of this is not known. 


CHERRIES. 


Cherry trees are quite free from plant diseases. Some trees 
have been dying, but this was due undoubtedly to shallow planting 
and shallow rooting, the latter caused by lack of proper cultivation, 
such as deep plowing, etc. 

SHADE CROPS, 


This is one of the most important, as well as the least under- 
stood of anything in the management of a bearing orchard. That 
something must be done to reestablish and enrich our orchard 
soil, the orchardists are coming to realize, but just what to plant 
and how to handle has not been worked out. Some are trying one 
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thing and some another, but no systematic rotation has been 
adopted. So far as has been observed, alfalfa is as good or even 
better than anything, as it has given better results. The greatest 
objection being that when allowed to grow too long, it is apt to 
seed itself around and near the trunks “of the trees, ‘and when old 
is hard to plow under. The greatest objection to clover is that, 
unless sewed early on the snow or when the ground is in a damp 
condition, it takes too much irrigating to get it started, especially 
is this true for stone fruits. In some ‘cases, field peas and cow 
peas might prove satisfactory, but it is feared they would lack the 
lasting quality as compared with some of the others. The winter 
hairy vetch has been recommended, but the seed is hard to obtain 
It is quite obvious from the foregoing that an extended experiment 
along this line is desirable. 


THINNING. 


Although this is practiced to some small extent, it is not done 
as much as should be. Some work along this line on apples was 
done, with results that showed two things, viz: 

1. ‘That the trees held their load up better and did. without 
the use of props. 

2. The fruit was of better quality, both in size and color than 
the checks. Another reason for thinning is the effect it has on the 
bloom of the following year, i. e. to see if thinning will do away 
with the so called “off year” in bearing. 

ORCHARD HEATING. 

The data received on this subject has been reported on in a 
former report. Respectfully submitted, 

Delta, Colorado, R. S. Herrick, 

December 1, 1909. Field Horticulturist. 


AGRICULTURAL EXPERIMENT STATION. 43 


REPORT OF THE BOTANIST. 
To the Director: 

Dear Sir: I herewith report the work which has come within 
my province during the last year. 

A large portion of my time is taken up in teaching. During 
the past year I have taught each of the seven courses given under 
the head of botany. In addition to this some special students have 
taken work with me which has further reduced my time for station 
work. 

The usual lines of correspondence, seed testing and identifica- 
’ tion of plants, particularly weeds, have been attended to. 

The principal project for investigation during the past season 
has been that of studying the black root trouble of the strawberry. 
The resignation of Professor Paddock and the placing of the de- 
partment of horticulture in my hands as acting head took all of 
my time and strength up to the time of the appointment of Profes- 
sor Bennett to the chair of horticulture. Consequently almost no 
work was done during that period along this line. 

Early in the season samples of smutted barley were received 
from the San Luis Valley for examination and germination tests to 
determine the strengths of formalin treatments which bald barley 
could endure. ‘These experiments were outlined by myself and 
conducted by Mr. Floyd B. Paddock under my supervision. Some 
field experiments were made on a small scale to determine the 
relative effectiveness of different strengths. The results of the 
germination tests were published in ‘““News Notes” early in the 
season. ‘The results of the field tests are still on hand and will be 
published through the same channel in the near future. 

Some work was also undertaken during the past summer on 
the eradication of dandelions by means of iron’sulphate. Several 
small plats were laid out in one of the worst infested parts of the 
campus and applications were made at varying periods during the 
latter part of the season. ‘The results are very encouraging and 
demonstrate the practicability of this means of eradicating dande- 
lions from lawns. The data obtained from these experiments will 
also be published either in the form of a press bulletin or by means 
of the “News Notes.” 

The manager of the American Beet Sugar Co., at Rocky Ford, 
inquired last spring for someone who could make an extensive col- 
lection of the weeds and native plants that occur in beet fields, to- 
gether with many of the native grasses. Mr. George Smith, one 
of our regular students, was secured for this work and was paid 


44 TWENTY-SECOND ANNUAL REPORT. 


a regular salary by this company for doing the work which was 
under my personal supervision. A fine collection of 500 specimens 
was obtained. These plants must all be inspected by myself before 
they are ready to forward to the sugar company. 

The work of teaching during the present fall term has been 
unusually heavy for the botanist and thus far but little time has 
been found for the continuance of investigations with the straw- 
berry black root. Attempts made to grow seedlings under sterile 
conditions have so far proven unsuccessful. This is work which 
should have the undivided attention through an extended period in 
order to insure satisfactory results. However, the work will be 
carried on to the best extent possible under the circumstances. 

Very respectfully submitted, 
B. O. LONGYEAR, 
Botanist. 
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REPORT OF THE VETERINARIAN. 


To the Director: 

For the first time in the history of the Agricultural College 
the veterinary section of the experiment station is equipped for 
investigation and experiment in animal diseases. We are now very 
well provided with laboratories and necessary facilities for this 
work. We are fortunate in having available for this work a path- 
ologist of national repute, in Dr. B. F. Kaupp, who came to us from 
Kansas City Veterinary College one year ago. In the investigation 
of animal diseases, pathology ranks second to none, as it is con- 
cerned with the structural alterations of the organisms which may 
result from abnormal conditions. In the study of these abnormal 
conditions the work of the pathologist is fundamental and final. 

I wish to strongly recommend that Dr. Kaupp be placed on 
the experiment station staff, as pathologist. This recommendation 
carries with it no monetary consideration, is purely honorary, and 
will entitle him to receive bulletins from experiment stations, to sit 
in conference with station workers, and all together will in a large 
measure reward him for one fourth of his time, which he naturally 
feels that he is giving gratuitously under present conditions. 

In addition to work which we are now doing with Necrotic 
Stomatitis in hogs, and lip ulceration in sheep, we have been called 
upon to investigate outbreaks of rabies, blackleg, infectious anemia, 
forage poisoning in horses, and infectious diseases of poultry. 
These latter conditions, however, I fully appreciate, belonging prop- 
erly to the College and not the Experiment Station, as they have 
not been undertaken from the standpoint of research or investiga- 
tion further than to diagnose and suggest appropriate prophylactic 
and remedial measures. 

LOco. 


The loco weed investigation co-operative with the Department 
of Agriculture, has after four years, been terminated. The animals 
surviving, have been sold and the money turned back into the 
station. ‘The experiment is supposed to have proven beyond ques- 
tion that the so-called loco weeds are responsible for the locoed 
condition of live stock on the open range, and that the salt barium 
found in the plant is the stiologic factor. 

NECROTIC STOMATITIS. 
Necrotic Stomatitis (sore mouth disease) of hogs has for two 


winters preceding this, been unquestionably the most important 
disease affecting live stock in the state. Important because of its 


46 TWENTy-SECOND ANNUAL REPORT. 


wide distribution throughout the state, and the financial loss which 
it has entailed. It has been definitely proven that the micro-or- 
ganism, bacillus necrophorus is the causitive factor. This germ 
has evinced a degree of virulency and an economic importance in 
the western states of America, that has not been reported else- 
where. Not only is it responsible for the disease in hogs men- 
tioned, but is known to be the cause of the so-called diphtheria 
of calves, lip and leg disease of sheep, and often gains entrance to 
the tissues of the body through abrasions, causing deep seated 
necretic sores that have little tendency to heal. At the present time, 
the necrotic stomatitis in hogs is not as prevalent throughout the 
state as it has been for the past two years. Another manifestation 
of the disease, however, known as “lip and leg ulceration of sheep” 
has made its appearance in Wyoming and seriously hampered the 
sheep feeding industry of northern Colorado as well as a sourse of 
financial loss elsewhere. The federal authorities have quarantined 
infected districts and interstate traffic of sheep affected with this 
disease, or from districts where this disease is known to exist, has 
been stopped. ‘The crux of the whole proposition is that the Colo- 
rado sheep feeders claim that their sheep have been held in transis, 
entailing much financial loss and great inconvenience, because of a 
mistaken impression on the part of federal inspectors, that a per- 
fectly harmless sore lip condition of sheep caused from change of 
feed, was the real infectious condition known as “lip and leg” 
disease. 


The relation of these two diseases is according to the report 
of sheep feeders, a matter of much importance as affecting the 
future of this industry in Colorado, and it is by their request that. 
we have undertaken to determine the relation of the sore lip condi- 
tion of lambs, when they first arrive at the feed lots, and the lip 
and leg disease of sheep in Wyoming. 


This investigation is well under way but as yet does not war- 
rant a statement as to conclusions 

We are under obigation to Senator W. A. Drake and others 
for the loan of lambs to conduct inoculation experiments. 


INFECTIOUS ANEMIA, 


This disease of horses was reported three years ago, as exist- 
ing east of Colorado Springs, where it was generally known as 
the “no name disease.” Very little was known of the disease at 
that time, although it had been reported from eastern Canada and 
a few other places, still its identity had not been determined in 
this state. Since that time it has assumed a degree of importance 
that has claimed the attention of prominent scientists of the 
western continent and the Department of Agriculture have it 
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under investigation. Because others better prepared to prosecute 
such an investigation have taken it up we have done nothing be- 
yond taking field notes, and holding a few autopsies. 

This much seems to have been definitely determined: That 
it is caused by a non filterable, ultra microscopic virus, and while 
it is not contagious by ordinary contact of animals, yet it is proven 
to be infectious and the virus exists in the blood. The mortality 
appears to be fully 90% and at present no satisfactory treatment 
has been found, Respectfully submitted, 

Gro, H. GLOVER, 
Veterinarian. 
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REPORT OF THE BACTERIOLOGIST. 


To the Director: 

I beg to submit herewith the annual report of the bacteriologi- 
cal section of the experiment station for the year I1g09. 

Our investigations on the bacterial disease of alfalfa have 
been continued throughout the year. ‘The causal micro-organism 
has been isolated repeatedly from diseased field material and has 
been reinoculated onto greenhouse stock where the disease has been 
produced artificially in 100% of the inoculations with all the typical 
symptoms found in the field where natural infection has occurred. 
The morphological and cultural studies of the organism have been 

completed in the laboratory and are now being assembled for ee 
lication as a technical bulletin. 

The results from our alfalfa plats at Gypsum, Catean: 
where we have been endeavoring to secure a disease resistant va- 
riety, have been disappointing owing to the fact that the one or two 
strains, which one year ago appeared to be totally resistant, showed 
the disease this year. Field observations this season seem to indi- 
cate that immunity to the disease is closely related to resistance 
to late spring freezing. Without exception, those plants which 
were severely injured by the late frost were the first to show the 
disease and were the worst infected later in the season, while, on 
the other hand, those varieties which grew from hardy stock and 
which suffered only slightly from the frost were more nearly free 
from the infection. Next year we shall endeavor to determine 
whether this relation between disease resistance and frost resistance 
is a constant one, and if it proves to be such, we shall then attempt 
to combat the disease by securing frost resistant varieties. As a 
means of prevention, we shall try early clipping as soon as we are 
reasonably certain that there will be no more danger from frost. 

A second line of investigation, embracing Bacteriological 
Studies of Alkali Soils, has been taken up recently. It is intended 
to make this a branch of the general alkali project, some phases of 
which have been taken up already by other members of the station. 
The work as outlined at present will cover a period of at least five 
years and is to include an intensive study of the bacteria of our 
alkali soils with special reference to their physiological functions 
as affected by agricultural practices. 

Some information upon the nitrogen fixing power of certain 
soils was very pertinent to a current investigation of the chemical 
section and consequently we have taken up this division of our soil 
research first. Our work at present is of a preliminary nature 
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since we wish to ascertain merely the presence or absence of the 
nitrogen fixing germs, and as the tmoculation of a culture solution 
with a crude soil extract is the most direct means to the desired 
end, we have employed this method exclusively. We have been 
able to demonstrate in this way the occurrence of the genus 
azobacter in soils from two different localities out of the three 
which we have examined thus far. 

During the coming year, we expect to increase the number 
of localities under study and to determine by cultural methods 
the exact species of azobacter present, and to note especially 
whether we have any undescribed species at work. If any new 
forms should be found, it will be very desirable to study their 
nitrogen fixing power both in pure culture and when associated 
with other micro-organisms since the only way in which we can 
reach any safe conclusions regarding the microbic activities in so 
complex a substance as a soil, is through the study of the pure 
culture and subsequent known combinations of pure cultures. 

A very valuable and necessary addition has been made to 
cur equipment in the form of a microphotographic camera by 
means of which we are now able to make permanent records of 
important transient phenomena. 

Bulletin No. 138, “Some Bacterial Diseases of Plants,” a popu- 
lar treatise upon some of the most common bacterial diseases of 
plants, has been published during the past year. 

Very respectfully submitted, 
WALTER G. SACKETT, 
Bacteriologist. 
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REPORT OF HORSE BREEDING INVESTIGATION, 


To the Director: 

Dear Sir: I beg to submit the following annual report of the 
horse breeding investigation work as conducted by the Colorado 
Experiment Station in co-operation with the United States De- 
partment of Agriculture. I have appended in this report a de- 
tailed record summary of the various animals connected with the 
station, covering the entire period of the experiment. 


CONDITION OF EXPERIMENT. 


The horse breeding work is progressing very nicely, the 1909 
crop of foals being an unusual lot of fine youngsters. The per- 
centage of foals gotten at this station this year was 75.9 per cent of 
the number of mares bred. This is a very high percentage and 
taking into consideration the quality of the colts, the results for 
the season are exceptionally gratifying. 

The brood mares are maintained on pasture the major portion 
of the year, although during the winter months an allowance of 
upland hay is fed daily to keep them up in condition. The younger 
maturing animals are kept in paddocks at the stables and fed an 
allowance of alfalfa hay and oats, The younger stallions are 
trained to a limited amount of work in harness as two-year-olds, 
but as our force of men at the barns is limited, time will not permit 
of the handling of any filly foals whatever. 


IMPROVEMENTS, 

The improvements at the station during the past year have 
been limited. Two paddock sheds were built at an approximate 
expenditure of two hundred and fifty dollars; one hundred feet of 
fire hose was obtained, giving a connection with the water hydrant 
previously installed. The painting of the buildings and fences at 
the station has added greatly to the appearance of the grounds. 
No recommendations for further improvements are suggested at 
this time, as the station is well equipped for the winter. 


OUTLINE OF POLICY. 


The Government Board of Survey, consisting of Mr. Geo. 
M. Rommel, chairman; Professor C. F. Curtiss, and the Expert- 
in-Charge of the station met August 23, 1909 and inspected the 
station. The following is taken from the report to the Secretary 
of Agriculture concerning the disposition to be made of young 
stallions matured in the experiment. 

“There are, in the stud at present, three promising young 
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stallions that we desire to test, with a view to determining their 
value for breeding purposes. The stallions referred to are: Three 
year old bay stallion, Albion, by Carmon; dam Arizona. ‘Three 
year old bay stallion, Alba, by Carmon; dam, Washington. ‘Two 
year old bay stallion, Balfour, by Carmon; dam, Dakota. 

“In order to test these and other young stallions that may be 
produced later, we recommend the adoption of the following 
policy: 

“First. Retain in the stud at Fort Collins, for limited service 
in the stud and for public service at a moderate fee, such stallions 
for a period of two years or longer and reserve decision as to the 
final disposition of such stallions until they have been tried in the 
manner indicated. 

“Second. If the number of stallions to be tested in this 
manner should exceed the number that can be advantageously re- 
tained in the stud at Fort Collins, we recommend that a part of 
the stallions be placed in the hands of good and_ responsible 
breeders, or experiment stations, in communities where they will 
be mated with suitable mares at a moderate fee, for a period of 
two years or longer, on terms to be agreed upon by written con- 
tract. The ownership of such stallions to remain as at present, 
and the stallions placed for public service in this manner to be sub- 
ject to withdrawal by the authorities in charge of the experiment 
at the end of the breeding season, or at any time during the breed- 
ing season, or at other times, as in case of neglect or improper 
care, or for any other good reason.” 

The above policy as outlined in the report was approved by 
the Secretary of Agriculture along withthe full report of the 
board. 

DISPOSAL, OF SURPLUS ANIMALS. 

During the past year twenty-one animals have been eliminated 
from the station by public auction, fifteen of this number being 
station property. The following report is appended showing the 
disposition made of each station animal sold: 

In addition to the above sales the two colts, Ben Hur and 
Colman, by Carmon; dam, Georgia, were sold to the college farm 
for driving purposes. 

STUD RECORD SUMMARY. 

A brief, history, produce record, and breeding of the various 
animals in the stud is given below. The animals numbered from 
I to 30 inclusive constitute the original herd and those purchased 
later or donated to the experiment. ‘The mares numbered, 31-32- 
33-34-35-360-38, were bred and matured at the experiment station, 
being placed in the stud during the season of 1908. These mares 
were shipped to the United States’ Morgan Horse Farm, Middle- 
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stallion, General Gates. 


next season. 


hands; 
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bury, Vermont, in September to be bred to the Government Morgan 


weight 1250 pounds; 


STALLION SERVICE RECORD.. 
Stud No. 1, Carmon b. s., 32917. 
Bred by Norman J. Colman, St. Louis, Mo., foaled 1895; height 16 


Purchased February 1, 1905. 
SERVICE RECORD OF CARMON, 1905-1909. 


At head 


of stud. 


They will be retained at that station until 


sire, Carnagie 8405, by Robert. 
McGregor 647; dam, Monitor Maid, by Monitor 1327; second 
dam, Clara C. by Seth Warner 281. 


STATION MARES ae 
Total No.| Total | Total Per cent- 
: Mares No No. | Foals age 
Year Bred | Foals |, Bred | Foals Bred Mares |Mares| Got | Foals 
Once |Returned| Bred Got 
1905 19 15 10 7 11 18 29 22 75.76 
1906 21 17 19 7 hea (ORM ac 40 24 60.00 
1907 21 14 24 12 22 23 45 26 57.78 
1908 22 LONG? 27 39 20 59 43 72.88 
1909 18 LOT acre 22 22 APSE Wares cketell Sats Gissce' 8 
* One still born. Four died at birth, leaving total of eleven thrifty 
foals. 
DATE FOAL | Name oF 
SoLD | RECORD DAM PURCHASER PRICE 
19099 | No. | ANIMAL 
L. Kern, 
1-16 ats) Appollo California | Fort Collins $146 00 
C. Zimmerman, 
116 14 Arden Illinois Fort Collins 70.00 
Cc. H Barkley, 
1-16 21 Barbara Michigan | Fort Collins 68.00 
Smith Karnes, 
116 29 Boralma Minnesota| Fort Collins 160.00 
Alex Nelson, 
1-16 30 Brownie Illinois Fort Collins 66.00 
G. W. Boston, 
1-16 43 Carrie Minnesota| Fort Collins 100.00 
S. H. Pierson, 
116 42 Curtiss Florida _ Denver, Colo. 56.00 
S H. Pierson, 
1.16 46 Colomel Monella Denver. Colo. 52.50 
C. Zimmerman, 
9 26 18 Amelia Idaho Fort Collins 130.00 
¢ F. J. Fitzpatrick, 
11 20 10 Archie Dakota Fort Collins 175.00 
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DATE Foau NAME OF 

SoLD | RECORD ARONA K DaM PURCHASER PRICE 

1909 No. sa 
‘John Mumm, 

11 20 37 Carlyle Dakota Wellington, Colo. $ 8000 
D. N. Fee, 

11-20 20 Beulah Virginia Fort Collins 90.00 
D. N. Fee, 

11-20 35 Cynthiana | Virginia Fort Collins 135.00 

; S. J. King, 

11-20 22 Bonnie Boy| Bonnie Iowa|_ Fort Collins | 145.00 
Geo. L. Gross, 

11-20 47 Castleman | Mambrina Ft. Collins R.F.D 1} 10000 


Gross proceeds of sales during 1909, $1,575.50, 
Stud No. 2. Washington, ch. m, 

Bred by Mr. Rodgers, Lebanon, Ohio, foaled 1899; height 16 hands 
% inch; weight 1200 pounds; sire, C. H. Pinchell 25226; dam, 
by Clermont by Red Wilkes 1749. Purchased February 1905. 

1906—March 23, b. s. Alva, foal No. 5, by Carmon 32917. Placed 
in stud in 1909. 

1907—March 18, ch. c. by Carmon 32917 (died at birth). Martha 
Washington died August 12, 1907 from a ruptured blood vessel 
in the chest cavity. 


Stud No. 3. Kentucky, br. m. 

Bred by John J. Hughes, Lexington, Kentucky, Height 16 hands; 
weight 1215 pounds; sire, Harrison Chief 1606 (S); dam, by 
Whirlwind, by Indian Chief 1718 (S). Purchased February 1905. 

1905—February 27, b. f. Anita, foal No. 6, by Carmon 32917. 

1907—May 20, br. f. Belva, foal No. 19, by Carmon. 32917. 

1908—Bred to Carmon 32917. (Not in foal). 

1909—September 11, b. c. Dewey, foal No. 66, by Carmon, 32917. 


Stud No. 4. Virginia, b. m. 

Height 15:3% hands; weight 1225 pounds. Purchased Feb., 1905. 

1906—April 4, b. f, Arba, foal No. 7, by Carmon 32917. 

1907—May 13, ch. f. Beulah, foal No, 20, by Carmon 32917. (Sold 
November 20, to D. N. Fee, Fort Collins, Colorado), 

1908—May 16, ch. f. Cynthiana, foal No. 35, by Caromn 32917. 
(Sold November 20, 1909, to D. N, Fee, Fort Collins, Colorado). 

1909—WNot in foal. 


Stud No. 5. Michigan, b. m, 

Bred by C. J. Monroe, Bangor, Michigan. Height 16 hands; weight 
1100 pounds; sire, Prince L 5947; dam, by Temperance 6819. 
Purchased February 1905. 

1906—March 21, b. f. Ada, foal No. 8, by Carmon 32917. 

1907—September 12, b. f. Barbara, foal No. 21, by Carmon 32917. 
(Sold January 16, 1909, to ©, H. Barthy, Fort Collins, Colo.). 

1908—September, b. c. Confusion, foal No. 36, by Carmon S29 LT. 
(Died October 14, 1909.) ; 

1909—Not in foal. 


Stud No. 6, Iowa, gr. m. 
Bred by Mr. Chas. Haskins, Davenport, Iowa. Sire, Judge Blair 
4667; dam, by Forward 1961. Height 15:3% hands; weight 
1210 pounds. Purchased February 1905. 
1906—March 5, ch, f. Annette, foal No. 9, by Carmon 32917, 
1907—September 9, br. c. Bonnie Boy, foal No. 22, by Carmon 
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32917. (Sold November 20, 1909, to I. J, King, Fort Collins, 
Colorado). 

1908—Bred to Carmon 32917. (Not in foal). 

1909—April 21, gr. s. Davenport, foal No. 52, by Carmon 32917. 


Stud No. 7. Dakota, br. m 


Donated by Col. Gustav Pabst, Milwaukee, Wis. Height 15 hands; 
weight 1075 pounds. 

1906—May 10, b. ce. Archie, foal No. 10, by Carmon 32917. (Sold 
November 20, 1909, to M. J. Fitzpatrick, Fort Collins, Colorado). 

1907—April 19, b. c. Balfour, foal No. 28, by Carmon 32917, 
(Placed in the stud in 1909). 

1908—May 5, b. c. Carlyle, foal No. 37, by Carmon 32917. (Sold 
November 20, 1909, to John Mumm, Wellington, Colorado). 

1909—April 6, b. c. died at birth. 


Stud No. 8, Wisconsin, b, m., 


Bred by August: Uehlein, Milwaukee, Wis., foaled July 15, 1901. 
Height 15:1 hands; weight 1200 pounds; sire, Messenger Wilkes 
3743; dam, Phallas Chief. Mare by King Piedmont 109838. 
Purchased February 1905. Removed from the stud 1909, to be 
destroyed. 

1906—March 15, b. c. Avon, foal No. 11, by Carmon 32917. This 
foal was turned over to the College Farm on January 16, 1909, 
to be used for work purposes. This transfer was made in ac- 
cordance with instructions from the Board of Survey dated 
August 4, 1906. This animal was blemished and was of no 
value for breeding purposes, 

1907—September 5, b. c, Badger Boy, foal No. 24, by Carmon 32917. 
This foal was. destroyed November 27, 1908, by order of the 
United States Department of Agriculture and the State Board 
of Agriculture, on account of unsoundness. 

1908—July 22, b. f. Columbia, foal No. 38, by Carmon 32917. 

1909—Not in foal. 


Stud No. 9. Indiana br, m. 


Bred by Rodewald Brothers, Rushville, Illinois. Height 15:1% 

hands; weight 1080 pounds, Purchased February 1905. 
1906—March 26, b. f. Alpha, foal No. 12, by Carmon 32917. 
1907—April 1, br. f. Bonita, foal'No. 25, by Carmon 32917. 
1908—March 15, br, f. Clara, foal No. 39, by Carmon 32917. 
1909—March 24, br. ec. died March 24, 1909, 


Stud No. 10. Georgia, b. m, 


Bred by Walnut Park Farm, St. Joseph, Mo.,foaled 1900. Height 
15:1% hands; weight 1000 pounds; sire, Norcatur 17854; 
dam, Miami by Bay Star 11267. Purchased February 1905. 

1906—April rf. aborted. 

1907—July 14, b. c. Ben Hur, foal No, 26, by Carmon 32917. (Sold 
to College Farm November 20, 1909, as a gelding). 

1908—June 17, b. c. Colman, foal No. 40, by Carmon 32917, (Sold 
to College Farm November 20, 1909, as a gelding). 

1909—May 28, b. f. Dolly Wilkes, foal No, 53, by Carmon 32917, 


Stud No. 11. California, br. m. 


Height 15:3% hands; weight 1140 pounds. Purchased February 
1905. (This mare was sold January 16, 1909, to Mr. Ward 
Tucker, Fort Collins, Colorado), 

1906—April 7, br. c. Appollo, foal No. 13, by Carmon 32917. (This 
foal was sold January 16, 1909, to Mr. L. Kern, Fort Collins, 
Colorado). 

1907—June 21, br. f. Beryl, foal No. 27, by Carmon hea (De- 
stroyed January 5, 1908. Unsound), 
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1908—June 9, b. f. Cora, foal No, 41, by Carmon 32917. 


Stud No, 12, Florida, b. m. : 

Height 16 hands; weight 1225 pounds. Purchased February 1905. 
(Sold January 16, 1909, to Mr. Ward Tucker, Fort Collins, 
Colorado). 

1906—May 28, b. f. by Carmon 32917. (Died at birth). 

1907—May 24, b. c, Bijou, foal No. 28,*by Carmon 32917. (Died 
May 11, 1908; blood clot in heart). 

1908—May 29, b. c. Curtiss, foal No. 42,.by Carmon 32917. (Sold 
January 16, 1909, to S. H. Pierson, Denver, Colorado). 


Stud No, 13. Minnesota, ch. m, 

Bred by James Gibbons of Ohio; foaled 1895; height 16:1% hands; 
weight 1415 pounds; sire, Harrison Chief 1606 (S); dam, by 
Britton. Purchased February, 1905. (Sold January 16, 1909, 
to Ivan Fisher, Fort Collins, Colorado). 

1906—February 27, aborted twins, by Carmon 32917. 

1907—May 11, ch. f. Boralma, foal No. 29, by Carmon 82917. (Sold 
January 16, 1909, to Smith Karnes, Fort Collins, Colorado). 

1908—May 23, ch. f. Carrie, foal No. 48, by Carmon 32917, (Sold 
January 16, 1909, to G. W. Boston, Fort Collins, Colorado), 


Stud No. 14. Illinois, bl, m. 


Donated by Mr, W. C. Brown of New York, through Mr. HE. H. Grubb, 
of Carbondale, Colorado. Height 15:3% hands; weight 1150 
pounds. (This mare did not prove to be a satisfactory breeder 
and was recommended by the Board of Survey to be returned 
to Mr. EB. H. Grubb). 

1906—April 20, br. ec, Arden, foal No. 14, by Carmon 32917. (Sold 
January 16, 1909, to Mr. C. Zimmerman, Fort Collins, Coilo.). 

1907—October 25, b. ec. Brownie, foal No. 80, by Carmon 32917. 
(Sold January 16, 1909, to Mr. Alex Nelson, Fort Collins, Colo.). 

1908—Not bred in 1907. 

1909—May 8, ch. f. Dorata, foal No, 65, by Alva, stud No. 39. 


Stud No. 15. Colorado, b. m. 


Bred by Geo. D. Rainsford, Diamond, Wyoming, foaled 1896, Height 
15:3% hands; weight 1110 pounds; sire, Emigrant; dam, Hebe, 
a fine carriage horse untraced. Purchased December 28, 1904. 

1905—June 24, b. c. Colorito, foal No. 1, by Indus 2131 (French 
Coach). This foal was turned over to the College Farm August 
1908, to be used for work purposes, , 

1906—June 14, b. f. Amber, foal No. 15, by Carmon 32917. 

1907—June 9, b. f. Bernice, foal No. 31, by Carmon 32917, 

1908—Aborted November 1907, by Carmon 32917. 

1909—April 12, b. c, Donald, foal No. 54, by Carmon 32917. 


Stud No. 16. Montana, b. m. 


Bred by Geo. D. Rainsford, Diamond, Wyoming. | Foaled 1899; 
height 15:3% hands; weight 1150 pounds; sire, Chappy, by 
Emigrant; dam, John Hughes’ mare. Purchased December 28, 
1904. , 

1905—May 23, b. f. Monella, foal No. 2, by Indus 2131 (French 
Coach). (This foal was sold January 16,1909, to Mr. L. Kern, 
New Windsor, Colorado). ' 

1906—Bred to Carmon 32917, (Missed). 

1907—May 5, b. c. Bonanza, foal No. 32, by Carmon 32917. 
stroyed May 1, 1908. Unsound). 

1908—May 13, b. c. Carnagie, foal No. 44, by Carmon 82917. 

1909—May 1, b. c. Dandy Jim, foal No. 55, by Carmon 32917. 


on 
on 


(De- 
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Stud No. 17. Arizona, b. m. 


Bred by Geo. D. Rainsford, Diamond, Wyoming, Foaled 1899; 
height 15:3% hands; weight 1065 pounds; sire, Emigrant; 
dam, Hoyden, by Red Bud (Th). Purchased December 28, 1904. 

1906—April 9, b. s. Albion, foal No. 16, by Carmon 32917. 

1907—Bred to Carmon 32917. (Missed). 

1908—Bred to Carmon 32917. (Missed). 

1909—May 1, b. c. died at birth. 


Stud No, 18. Wyoming, b. m. 


Bred by Geo. D. Rainsford, Diamond, Wyoming. Foaled 1896; 
height 15:33, hands; weight 1180 pounds; sire, Red Bud (Th); 
dam, Lady Shepherd, by Spartan, Jr. Purchased December 28, 

1904, 

1905—June 18, b. ce. Monte, foal No. 8, by Indus 2131 (French 
Coach). Donated to the College Farm August 1908 for work 
purposes. 

1906—May 28, b. f. Alba, foal No. 17, by Carmon 32917. 

1907—May 12, b. f. Bamba, foal No, 33, by Carmon 32917. 


1908—April 25, b. f, Cinderella, foal No. 45, by Carmon 32917, 
1909—WNot in foal. 


Stud No. 19. Nevada, b. m. 


Bred by Geo. D. Rainsford, Diamond, Wyoming. Foaled 1899; 
height 15:2 hands; weight 1085 pounds; sire, Emigrant; dam, 
Gila, by Red Bud (Th). Purchased December 28, 1904. 

1905—May 30, b. c. died of strangulation June 21, 1907. 

1906—Bred to Carmon 32917. (Missed). 

1907—Bred to Carmon 32917. (Missed). 

1908—Bred to Carmon 32917. (Missed). 

1909—WNot in foal. 


Stud No. 20. Idaho, br. m 


Bred by Geo. D. Rainsford, Diamond, Wyoming. Foaled 1899; 
height 15:3 hands; weight 1240 pounds; sire, Chugladdie, by 
Spartan, Jr.; dam, Hill Bud, by Red Bud (Th.) Purchased 
December 28, 1904. 

1905—May 7, br. m. Idalia, foal No. 4, by Indus 2131 (French 
Coach). (Sold January 16, 1909, to S. G. Pierson, Denver, 
Colorado). 

1906—July 9, br. m. Amelia, foal No. 18, by Carmon 32917. (Sold 


August 27, 1909, to C. Zimmerman, Fort Collins, Colorado). 
1907—Bred to Carmon 32917. (Missed). ; 


1908—Bred to Carmon 32917. (Missed). 
1909—May 4, b. f. Dorothy, foal No. 56, by Carmon 32917. 
Stud No. 21. Idalia, br. m. 


Bred by Geo. D. Rainsford, Diamond, Wyoming, Foaled May 7, 
1905; height 15:3 hands; weight 1275 pounds; sire, Indus 2131 
(French Coach); dam, Idaho, by Chugladdie. Purchased in Utero. 
(Sold January 16, 1909, to S. G. Pierson of Denver, Colorado). 

1907—Bred to Carmon 32917, (Missed), 4 


Stud No. 22. Monella, b. m. 


Bred by Mr. Geo. D. Rainsford, Diamond, Wyoming. Foaled May 
23, 1905; height 15:3 hands; weight 1180 pounds; sire, Indus 
2131 (French Coach); dam, Montana, by Chappy. Purchased 
in Utero. (Sold January 16, 1909, to Mr. L, Kern, New Wind- 
sor, Colorado). 

1908—May 19, b. c. Colonel, foal No. 46, by Carmon 32917. (Sold 
January 16, 1909, to S. G. Pierson, Denver, Colorado). 
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Stud No. 23, Beatrice, b. m. 2079 (S). 


Bred by Gay Brothers, Pisgah, Kentucky, Foaled 1901; height 15:3 
hands; weight 1200 pounds; sire, Highland Denmark 730 (S); 
dam, Lady Adams 2074 (S), by Harrison Chief (8S),  Pur- 
chased June, 1906. 

1907—September 14, b. f. Belladonna, foal No. 34, by Carmon 
32917. 

1908—Bred to Carmon 32917. (Missed). 

1909—March 3, b. f. Daisy Deane, foal No. 27, by Carmon 32917. 


Stud No. 24. Mambrina, ch, m. 2400 (S). 


Bred by Village Farm, East Aurora, Kentucky, Foaled April 6, 
1903; height 15:2 hands; weight 1050 pounds; sire, King 
Lancelot 32855, by Mambrino King 1279; dam, Snowdrop 2398 
(S), by Mambrino King 1279. Purchased June 1906. 

1907—Bred by Carmon 32917. (Missed). 

1908—April 27, ch. c. Castleman, foal No. 47, by Carmon 32917. 
(Sold November 20, 1909, to Geo. L. Gross, Fort Collins, Colo- 
rado, as a gelding). 

1909—Not in foal, 


Stud No. 25. Mira, ch. m. 
Donated by ex-Governor Adams of Pueblo, Colorado; height 16 
hands; weight 1200 pounds; bred by S. Lehman, Newton, 
Kansas. Sire, Dameon 19936; dam, by Black Hawk McGregor, 
by Robert McGregor 647. Donated March 1907. 
1908—July 7, b. f. by Carmon 32917. (This foal was transferred 
to Hon. W. J. Bryan, Lincoln, Nebraska, November 4, 1909, by 
order of Hon. Alva Adams, who was to receive the colt in lieu 
of donation of mare). 
1909—WNot in foal. 
Stud No, 26. Gaiety Girl, br. m. 
Bred by Geo. D. Rainsford, Diamond, Wyoming. Foaled 1895; 
height 15:3 hands; weight 1175 pounds. Purchased August 


8, 1907. 
1908—April 30, bl. m. Carnation, foal No. 48, by Emigrant, 


Stud No. 27. Golden Picture, ch. m. 2788 (S). 

Bred by J. Gano Johnson, Mount Sterling, Kentucky. Foaled 1903; 
height 15:3% hands; weight 1150 pounds; sire, Wilson’s King 
2196 (S); dam, Lady Bourbon 2782 (S), by Bourbon Chief 
976 (S), Purchased March 1908. : 

1908—April 19, ch. c. Congressman, foal No. 49, by Golden King 
2359 (S). (To be sold). ; 

1909—May 16, ch. f. by Golden King 2359 (S). Died at birth, 


Stud No. 28. Bethel Princess, ch. m. 4796 (S). 


Bred by Mose Hendricks, Bath County, Kentucky. Foaled 1902; 
height 15:2 hands; weight 1125 pounds; sire, Wilson’s King 
2196 (S); dam, by Sim Clark’s Chief 2575 (S). Purchased 


March 1908. : 
1908—April 22, ch. f. Columbine, foal No. 50, by Cloud King 
2198 (S). : 
1909—May 26, ch. c. Diamond King, foal No. 59, by Golden King 

2359 (S). 


Stud No. 29, Barthenia McCord, b. m. 3223 (S). 
Purchased from A. G, Jones, North Middletown, Kentucky. Foaled 
1894; height 15:3 hands; weight 1200 pounds; sire, Chester 
Dare 10 (S); dam, by Peavine 85 (S). Purchased March 1908. 
1908—May 5, b. m. c. Chester Bourbon, foal No, 51, by Bourbon 
King 1788 (S). 


58 TWENTY-SECOND ANNUAL REPORT. 


1909—May 22, b. f. Della McCord, foal No. 60, by Bourbon King 
1788 (S). 


Stud No. 30. Elvira Lindsey, b. m. 3083 (S). 


Bred by J. H. Lindsey, Flemnig County, Kentucky, Foaled 1900; 
height 15 hands; weight 1050 pounds; sire, Wilson’s King 219€ 
(S); dam, by Red Cloud (Wyatts) 2197 (S). Purchasec 
March 1908. 

1908—May 15, b. m. by Bourbon King 1788 (S). Died June 22 
1908, of distemper. 

1909—June 1, ch. f. Dora Cloud, foal No. 61, by Bourbon King 
1788 (S). 


Stud No. 31. Arba, b. m. 


Bred by Colorado Experiment Station, Fort Collins, Colorado. Foaled 
April 4, 1906; height 15:3% hands; weight 1225 pounds; sire 
Carmon 32917; dam, Virginia. 

1909—June 10, b. c. Denver, foal No. 62, by Carmon 32917. 


Stud No. 32. Anita, b. m, 


Bred by the Colorado Experiment Station, Fort Collins, Colorado 
Foaled February 27, 1906; height 15:2%4 hands; weight 115¢ 
pounds; sire, Carmon 32917; dam, Kentucky, by Harrison Chie’ 
1606 (S). , 

1908—Bred to Carmon. 

1909—April 15, ch. ec. by Carmon 32917. (Stillborn). 


Stud No. 33, Annette, ch. m. 


Bred by the Colorado Experiment Station, Fort Collins, Colorado 
Foaled March 5, 1906; height 15:3 hands; weight 1175 pounds 
sire, Carmon 32917; dam, lowa, by Judge Blair 4667. 
1908—Bred to Carmon 32917. 
1909—May 28, ch, ce. by Carmon 32917. (Died at birth). 


Stud No. 34. Alpha, b. m. 


Bred by the Colorado Experiment Station, Fort Collins, Colorado 
Foaled March 28, 1906; height 15:3 hands; weight 1150 pounds 
sire, Carmon 32917; dam, Indiana. 

1908—Bred to Carmon. 

1909—May 31, b. c. Defiance, foal No. 63, by Carmon 32917. (De 

stroyed August 25, 1909, on account of fractured leg. 


Stud No. 35, Ada, b. m. 


Bred by the Colorado Experiment Station, Fort Collins, Colorado 
Foaled March 21, 1906; height 15:2 hands; weight 1100 pounds 
sire, Carmon 32917; dam, Michigan, by Prince L 5947. 

1909—May 12, b. ec. Defender, foal No. 64, by Albion Stud No. 37. 


Stud No. 36, Alba, b. m. 


Bred by the Colorado Experiment Station, Fort Collins, Colorado 
Foaled May 28, 1906; height 16 hands; weight 1175 pounds 
sire, Carmon 32917; dam, Wyoming, by Red Bud (Th). 

1909—Not in foal. 


Stud No, 37. Albion, b. s. 


Bred by the Colorado Experiment Station, Fort Collins, Colorado 
Foaled April 9, 1906; height 16:1 hands; weight 1275 pounds 
sire, Carmon 32917; dam, Arizona, by Emigrant. 

Used in stud in 1908. 

The following table shows the service record of Albion for the year 

of 1908-1909: 
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SERVICE RECORD OFALBION, 1908-1909. 


STATION OUTSIDE 
MARES MARES 
| ] A: 
| 
= eon Total ona muatS Per cent 
ear | Bred | Foals | Bred | Foals Served | No. Mares| Got 8° Foals 
/Returned | Got 
Once Bred / 

1908 2 1 2 2 £) 3 ried Ae a ue es) 
1909 ai hetecclacars Cs ae ee 3 3 6 Jrseeesleee eee ee 
SUMMARY OF ANIMALS IN STUD AT PRESENT. 
PeOtalmitinber Of, Stall reas edt SOL V ICE i ese nnne cts ntsnne sss encerebcemenionare Bt 
IS UE Sterderer se rae) CULT MCT np ee er 29 
Total number of foals in stud mot im. SCrViCe. eee ceccssccceceeccecteceeee 27 
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The above summary is complete and upon close study wiil 
show that the record of the majority of the animals connected with 
the station has been very satisfactory. The work has progressed 
very nicely, but the need for infusion of new blood with the Carmon 
offspring is apparent. This may result in the purchase of a new 
stallion for next season, or the shipment of mares to outside points 
for breeding. Our experience with inbreeding during the past 
season does not fully justify the pursuance of this course to a very 
extended degree at this time. Inbreeding will need be done at 
some future time to ultimately fix the type, but at the present it is 
not advisable to pursue this course. 

The experiment at present contains sixty animals of superior 
merit. The surplus animals of inferior qualities have been elimin- 
ated. The maturing foals included with those remaining in the 
station are very promising animals, and a majority of them should 
develop into very worthy specimens. The policy of close selection 
of the best individuals having been inaugurated should be continued 
each succeeding year. No breed or type has ever been established 
without the strictest observance of this policy. ‘The results already 
attained are indeed very encouraging, and with the same degree of 
progress manifested in the future, the outcome is assured. 

Respectfully submitted, 
J. O. WiLtiaMs, 
Expert-in-Charge. 
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REPORT OF THE AGRONOMIST. 


To the Director: 


I submit herewith the report of work in the plant industry 
section. 

Owing to the lateness of my arrival, no new work was taken 
up in the spring of 1909. An effort was made to continue through 
the season, lines of work begun by my predecessors. 

New lines of work planned include investigations of methods 
of breeding cereal crops, breeding or obtaining adapted feed grains, 
early maturing wheats, spring and winter grains for high altitudes, 
improvement of the field pea and methods for its best production, 
Colorado rotations, Colorado farm management and causes for the 
deterioration in quality of spring milling wheat, if the local opinion 
that deterioration occurs can be established. 

During the summer some time was spent in getting acquainted 
with special conditions of Colorado crops, soils, and climate, with 
their altitude and topographic relations. 

It is necessary to do this in order to become acquainted with 
the special needs of the state, the information being necessary for 
the preparation of intelligent new plans. . 

The work of the department could be greatly strengthened 
by the addition of field men. A field man is needed at the present 
time in the San Luis Valley to study problems of pea production 
and improvement, wheat problems, oat problems, and barley prol- 
lems. ‘These are most urgent, but the pasture question and root 
crops will soon need attention; as more dairying is sure to be 
carried on as settlement increases. Farmers, new settlers, in the 
new districts need help on these raw lands and a field man for this 
purpose would be of great help. 

Plans are being devised for the improvement and distribution 
of new and adapted seeds for various regions of the state. While 
all of such work is not experimental, it is within the proper prov- 
ince of the station, where proper funds are used. 

Respectfully submitted, 
ALVIN KEYSER, 
Agronomist. 
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REPORT OF THE ANIMAL HUSBANDMAN. 


To the Director: 


Dear Sir: I hereby submit a report upon animal investiga- 
tions for the past year. 

The results of all unpublished experimental work done prior 
to November, 1908 have been prepared and offered for publica- 
tion. These are as follows: 

Experiments with Steers, W. L. Carlyle and G. E. Morton, 
(published as bulletin 149). 

Experiments with Lambs, 1906-1907, 1907-1908. W. L. 
Carlyle and G. E. Morton. (In press.) 

The results of experiments conducted during the year 1908- 
1909 are being held for publication in connection with further work 
to be done during 1909-1910. ‘These completed, unpublished ex- 
periments are as follows: 

EXPERIMENTS WITH LAMBS. 

Lot 1. Alfalfa hay, whole; barley. 

Lot 2. Alfalfa hay, whole; corn. 

Lot 3. Alfalfa hay, chopped; corn. 

The results of these experiments are not what were expected 
because of dogs getting into the corrals and worrying the sheep. 
The loss from such a cause will be of interest in itself to lamb 
feeders, and will be the chief item for publication as the result 
of the experiments. 

EXPERIMENTS WITH SWINE. 
Trials of Tankage. 


Lot 1. Corn, 3 parts; barley, 3 parts; selected tankage, 1 part. 
Lot 2. Corn, 6 parts; fertilizer tankage, 1 part. 

Lot 3. Corn, 6 parts; selected tankage, 1 part. 

Lot 4. Corn 3 parts; selected tankage, 1 part. 

Lot 5. Corn, 3 to 5 parts; selected tankage, 1 part. 

Lot 6. Corn, 2 parts; wheat shorts, 1 part. 


EXPERIMENTS WITH SWINE. 
Trials of Brewers’ Grains. 

Lot 7. Corn, 2 parts; wheat shorts, 1 part. 

Lot 8. Corn, 2 to 4 parts; brewers’ grains, 1 part. 

Lot 9. Corn 4 to 6 parts; brewers’ grains, 1 part. 

Lot 10. Corn, 2 to 4 parts; brewers’ grains, 1 part. 

The results with selected tankage were favorable, with fer- 
tilizer tankage fairly favorable, and with brewers’ grains unfavor- 
able. Respectfully submitted, 

G. E. Morton, 
Animal Husbandman. 
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REPORT OF FARM MACHINERY & DAIRYING. 


To the Director: 

Dear Sir: I hereby respectfully submit the following annuai 
report of experimental work in farm mechanics and dairying. 

In the last annual report we stated that the work on the 
“Cement and Concrete Fence Posts” was completed by November 
1, and that we hoped to publish the results by November 30, 1908. 
Considerable more work was done on this investigation during the 
early part of this year, by both myself and my assistant. The data 
for the bulletin on this subject was presented for publication on 
June 26, of this year and was printed at once, 

Two other outlines for investigational work were presented in 
the last annual report on the subjects of: Feed Grinders, Cutters 
and Crushers. Farm Buildings and Constructions. Nothing has 
been done on either of these. 

Considerable time has been spent by myself since September 
I, making investigations as to the present condition of the dairy 
industry in Colorado. On September 13 an outline was presented 
and accepted on the subject of “Dairying in Colorado.” The ob- 
jects of an investigation of this kind being to help improve the 
various dairy conditions of the state, taking up the work from the 
standpoint of milk production, its care, handling it for farm butter, 
city milk supply, creameries and cheese factories. ‘Io show the 
importance of the Babcock tester, scales, hand separator and im- 
proved methods of handling dairy produces, etc. ‘This informa- 
tion to be obtained by visiting various dairies and creameries 
throughout the state, securing data, photographs, plans, ete. ‘To 
use such material as has already been collected by correspondence, 
visits, otherwise. ‘Io make more extensive inquiry by correspond- 
ence. Fifteen hundred circular letters of questions have just been 
published and are partly distributed among the dairy porducers of 
the state. All of these will be mailed during the next few days. 
We hope to have this data ready for publication by January, 1, 
IgI0, 

On October 1, 1909, an outline was presented for investiga- 
tional work on “The Life of Farm Machinery.” The object being 
to determine what the actual life of farm machinery is, under 
favorable and unfavorable conditions. ‘To suggest methods of 
better care and handling. 

This data and illustrations to be collected by making visits 
to various farms in the state. The larger part of it must be col- 
lected by correspondence. We hope to have this data ready for 
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publication by September I, 1910. 

A large number of inquiries have been answered by corres- 
pondence during the past year along farm machinery, concrete and 
dairy lines. 

Considerable time has also been given to making field trials 
of various farm implements, the results of which have been re- 
ported only in a general way. 

Respectfully submitted, 
H. M. Barner, 
Farm Machinery and Dairying. 


64 Twenty-Suconp ANNUAL REPORT. 


REPORT OF THE ARKANSAS VALLEY FIELD AGENT. 


To the Director: 
I herewith submit a general report of the field work at Rocky 


Ford. 

During my absence, while filling the position of Agronomist 
at the college, some of the plans outlined, were somewhat inter: 
rupted, but by making several trips to Rocky Ford, the general 
outline for the alfalfa seed breeding was carried out. 

Five acres were sown to alfalfa in rows, twenty inches apart, 
with seed collected from the alfalfa nursery, from the most highly 
promising plats; this field has made a splendid development, and 
it will be more valuable the coming year, to test the merits of the 
selections, and also to try the row system, as a method for seed 
production, for growing sufficient quantity of seed, to make com- 
parative tests in different sections of the state. 

The seed of a few individual selections, together with some 
new alfalfa from Europe, furnished by Mr. J. M. Westgate, were 
also planted, and have become well established as an addition to the 
alfalfa nursery. 


Observations and selections for frost resistance, and other de- 
sirable traits and efficient qualities were carefully made with a 
view to establish a larger and more practical alfalfa nursery, of 
types showing strong points for utility, seed from over one hundred 
choice individual plants were collected for this purpose, also sev- 
eral lots of seed from some exceptionally good plats that can be 
used to sow additional increase plots. 


The most important question in the alfalfa investigation seems 
to be the establishing of some fixed varieties of alfalfa, with in- 
herent traits, to reproduce the desired qualities uniformly, and to 
ascertain the combinations of qualities best suited to the varied 
sections of the state, also to determine the best method of producing 
seed in sufficient quantity to make comparative tests in each dif- 
ferent section, and eventually making the results available to the 
farmers. 

The situation of the “rust’’ resisting cantaloupe investigation 
seems to be about exhausted for the present, at least, the ultimate 
results are to the effect, that growers in general recognize the value 
of the disease resistant feature of the Pollock cantaloupe, and it 
is quite generally planted, thus accomplishing a great improvement 
in the quality of the late cantaloupes, the early strain that is not 
disease resistant deteriorates rapidly about the middle of the sea- 
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son, while the “rust’’ resistant cantaloupe natures good fruit until 
frost, this strain has also become very popular in the eastern and 
southern states, where it is practically the only variety that can 
be successfully grown with excessive rains. 

Seed of the “rust” resistant cantaloupe have been furnished 
to all growers upon request within the state and also to many 
growers and experiment stations of other states, this strain is now 
being grown especially for seed, by the Rocky Ford Cantaloupe 
Seed Breeders’ Association, an organization of a few growers, that 
are employing the same system of seed selection that was developed 
by the investigation. 

The only serious drawback to the strain is its late maturity. ‘To 
remedy this defect many selections and several hybrids have been 
made during the past three years, one selection of these promise 
the desired combination of early maturity and disease resistance. 
This selection has passed two seasons’ test with remarkable re- 
sults. A report of this selection, and some other unpublished ma- 
terial with a general resume on the subject of Cantaloupe Culture, 
might make a desirable bulletin, and a fitting close to the past can- 
taloupe investigations. 

Several weeks were occupied in attempts to combat the melon 
aphis with fumigation, with rather indifferent results, a report of 
which has been outlined to Professor Gillette. 

During the winter months lectures were given in the farmers’ 
short courses at Maple Grove, Colbran, New Castle, Hotchkiss, 
Delta, Montrose, Rocky Ford, ‘Trinidad, Fort Morgan and Fort 
Lupton, and assistance was given at several summer institutes. 

Respectfully submitted, 
Rocky Ford, Colorado, Puito K, Bunn, 
December 1, 1909. Field Agent. 
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REPORT OF THE PLAINS SUBSTATION. 


To the Director: 

On November 5th, 1908, there was sown fifteen acres of Tur- 
key Red wheat. Owing to the extremely heavy winds during the 
spring of 1909, there were five acres blown out, and the balance of 
ten acres was cut and threshed and yielded fifteen and one-half 
bushels to the acre, of good quality, which brought ninety cents per 
bushel at the elevator at Cheyenne Wells, the day it was threshed. 
The five acres which were blown out was sown to millet and yielded 
about two tons per acre. 

About the 9th day of May, 1909, I planted eight acres to 
White Australian and common field corn, which yielded about thirtv 
bushels per acre, 

About May 13th, 1909, I planted five acres to dwarf kafir 
corn, which yielded twenty bushels to the acre. 

On or about the 26th day of -April, 1909, I sowed ten acres 
to Red Texas oats, which was blown out quite badly, resulting in a 
very light crop which was cut for hay. 

The trees were badly affected with the drought and the late 
freezes during the spring of 1908, so that the small fruit was almost 
an entire failure. There were about five bushels of apples, but 
owing to the heavy hail which we experienced in the latter part of 
June they were badly scarred and one sided making it a very imper- 
fect crop. No peaches matured. 

Because of the excessive rains which fell during the balance of 
the summer, the trees have all made a very rich growth and pros- 
pects are good for the coming season. 

Respectfully submitted, 
Cheyenne Wells, Colorado, J. B. Roperrtson, 
December 1, 1909. In Charge. 
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THE STATE BOARD OF AGRICULTURE 


LETTER OF TRANSMITTAL. 


Fort Collins, Colo., Nov. 15, 1910. 


Sir—I have the honor to submit to you the annual report of The 
State Board of Agriculture, for the year 1910, containing an inventory 
of the property under the direction of the Board, with the exception 
of the land grant made to the State by the United States as an en- 
dowment for the Agricultural College when the Morrill Act was ac- 
cepted by the Legislature and the Agricultural College established ; 
the financial report of the Secretary, showing the receipts and disburse- 
ments for the fiscal year ending November 30, 1910; the report of 
the President of the College, covering the work of instruction, experi- 
mentation and research, and extension carried on under the direction 
of the Board during the year. 

; Respectfully submitted, 
A, A. EDWARDS, 
President, The State Board of Agriculture of Colorado. 


To His Excellency 
John F. Shafroth, 


Governor of Colorado: 


THE STATE RAGRICULTURAL COLLEGE. 


Fort Collins, Colorado, November 30, 1910 


I submit herewith my report for the year 1910, accompanied by the 
reports of the Director of the Agricultural Experiment Station, the 
Superintendent of Extension, the Principal of the School of Agricul- 
ture, and the Farm Manager, all of which are submitted as a part of my 
report of the year’s work of the State Agricultural College. 

Respectfully submitted, 
CHAS. A. LORY, 


President, State Agricultural College. 


To the President, 
State Board of Agriculture: * 
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PRESIDENT CHAS. A. LORY, \ Ex-officio. 

OFFICERS. 
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STANDING COMMITTEES. 


Executive 
A. A. EDWARDS Jj. Ly BRUSH E. M. AMMONS 
Finance 
F. E. BROOKS R. W. CORWIN j- BRUSE 
Farm, Stock and Veterinary Science 
E. H. GRUBB J. BRUSH JOHN C. BELL 
Faculty and Courses of Study 
E. M. AMMONS F. E, BROOKS JOHN C. BELL 
Botany, Horticulture and Entomology 
R, W. CORWIN E. M. AMMONS E. H. GRUBB 
Mathematics, Engineering and Military Science 
B. F. ROCKAFELLOW E. H. GRUBB E. M. AMMONS 
Mechanics, Chemistry and Electrical Engineering 
F. E. BROOKS JOHN C. BELL R, W. CORWIN 
College Lands and Leases 
JOHN C. BELL J. L. BRUSH B. F. ROCKAFELLOW 
College Buildings and Permanent Improvements 
Jf a ABIES ial EB. M. AMMONS R. W. CORWIN 
Home Economics, Library and Music 
R. W. CORWIN E. H. GRUBB B, F. ROCKAFELLOW 
History, Literature, English and Rhetoric 
CHAS ORY. B. F. ROCKAFELLOW J. L. BRUSH 
Farmers’ Institutes 
E. M. AMMONS JOH NICS BELL F, KE. BROOKS 
Salaries 


EK. M. AMMONS F. E. BROOKS B. F. ROCKAFELLOW 
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INVENTORY OF LANDS. 


College Farm, 320 Acres Ry ie tse eos dialcy ciel a is Siasraielee BLZBSOOO 
TEAS debra, SUGOM VANES |S 5 es ee ee 76,000 
PAG GRE BALAN D INCOSE. . , Svccictn Ge ne ne 21,000 
Wireyemme mellow 160MM Chesme tte! oo. lenny occ cee ee cee dees en. 4,000 

Total $229,000 


INVENTORY OF BUILDINGS. 
Olsen yatomy or | Vitisi Cnn ee iv cscs aan 8" 4.650°00 


vlectrical banding. umm 9,000.00 
DAMS Ud oe Mea oy 2 eI oc chose cee cceceese. 58,000.00 
Erotica laboratory: aM ed. ks oc ee ee ec lect. 30,000.00 
IC: ISUCHISS RaGeatenben) -- . 3). annie Ae a ra ar rE 75.00 
TERIOR lye itso ah SERA Go a 0. sce cael 5 200.00 
WWE NVBMIOING coe Aq amuhccd so aa > Af ah i oe enn 3,500.00 
Teal Oveh evil bagel SIS Re6U UG biiatre2 «or ccs vA RR RS Ee one Re 15,000.00 
EOE MAGI EVES Hs co. Pe dbo wa dle SRA OO OU eee 4,200.00 
Rohini chlo user ere en yay ecr kee: Ci Aled = TAN ea 300.00 
EAD Uta s es ee OIER OTSTSoss . s 2 yo gs ae die ase aselavece 5,000.00 
RHO NOS aa at ass 0 ae ee aera i lope a lcravny sila eels e vive nie's Siew lenis 8,000.00 
Mechanical Engineering ............. Pr atom te, sos cauaees 30,000.00 
Wiechamical kn cineerinemedOEALOGY 6.4.62 occ. c ce oe te ees e ee ees 2,000.00 
Simoni cane, Cla) ieee ce. cis via y ye Ss Hie a ete s cr aie we 8,000.00 
EarmOLO eam ADOLALOLY. tI GS Sela cis babe ees ee veneers as 2,300.00 
Niehemiita var NOSDital:, .c'< +s seeMEMMrae ls oe ce coda Gonsisc alee vse ee sla la. 1,200.00 
AC ApOniyme le HOOnAUORY: >). aga ec csv ciels es shes wiet aewene bee 100.00 
PACT AL OMY MES MONCTON... \i,..0) oe PMP MME: clei ldo oysasdldle a. a)sid eleva, eahelare 700.00 
IBwenIe, TRRC NOS: | oh RR | ee er eae 150.00 
CGail TRIOS 1c bp 5 COPIERS On oc 0 oR OES Oe a eee 15,00 
Srangilll Austen: Nvei ra angen 2 > sc chs BCR ORS eae een ae eee 100.00 
Poon GiGi 2 S/n Sei ROSRIMIOEO DS ce c -1c°5 GG nN eee ete 150.00 
Giviwand wlacation Hnpineeningwne ns. ds. ce se ett este ts 75,000.00 
NOMI siny aad UMTRIRESTCOTLCE.  SeePMRMMEMa ls 2 d,s sid es anieis ie yore siolaiuledie sy /eie a 1,000.00 
WAVOIEKEUNOND) "4-15 558 AEROS 30°00 O/C ORL a eee ee i anh eee 85.00 
MVE @ Le eotIMME OILS Ci.s)< (2-2 NOUS tule Sc ase f lsiy oecslve valde esise ele 450.00 
Ten Colony Coops RPE tern us aes ty pial tae OOLOO, 
Acie ereUigeneal TIBI | temas alts 03 ein iB Ce ERE Oe CNC eee ae 10,500.00 
Andrews Group: 

aNraclie ene? TBLGRIEYS 3 RGR tCaid a6 os Sle IN cn Ree EEC nea 10,000.00 
Cinyelhent. iGwigas yy aaa or 27 521 a a ar ae ea Pe 25.00 
TSsibial ELOISE: 6 LON RPE Mobo <a coer RENCE ee aa 100.00 
@S. TSTOMAS.. A AE eS l= 9 £2 Once ene eee ee OR 100.00 
Experiment Station Horse Paddock Shed ..........-.+--+++e0005> 100.00 
Experiment Station Horse Paddock Shed (2) ..-.---+++++:+-0 000 200.60 
Expetimentrotation) HLOrse BatM jes. tcie tent terete es te te 5,000.00 

1,000.00 


Experiment Station Horse Barn, Stone ....-.---.-.+ss0005 senate 
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Astonomy. seed Mouse.) .qenn- =). wich ylatiSie ku aia a UR e ape eee oe OL OU 
Miller Group: © 
‘Dear alll eye CLETCTCH os Wie oh ater ae rah ale ce A PRR EREE Sy ck 1,200.00 
SPIER CHES © tee cance ate e minted i lara va areal d wteteye capeugla oe anc! oo k's SURE Re NE ENR 200.00 
Chicken) House 32% CE NST Oe, ids oes ins pe 25.00 
BrickeavestOrame Bitlding es joie. cd clwds ceva s's + » elemmla Bie eeageeTeNene 600.00 
CEM oa eee Ot a MMMM! cd 250.00 
RUN ero MPIC! mai atebe sete ak cake tarecec thee iek Naw 4, sede og 6/3 «5. Re 20,00 
PDE MIM COVNIGSI), wk iacsGalikas ec tee ene Seles s fw sc ols ne Re eee 500.00 
(CITEN Gs  A an es Vil a RMre RS a), ghO Nes - 75.00 
SON OMI SINE Clint Ueet Anata s)'a lense Grsia in thiete WN woale 06 leis + 5 5-759) onesie ee 25.00 
Barn Rae mae ea Se Ai Sble Seal ceaysild close tones ro 250.00 
PUM GM ASTUTE MOMEC stories. cle ake g sysbe sta Ula’ 0 4S .c.0 G's eh RR a 300.60 
eb aStuney anime, ELOUSEL ec... delenva clos ele etcd. >) Be eg. Dat 25.00 


Farm Division: 
Harinesuperimbendent's Residence. 5... .'.. .. :. 2... eee ee Dp OOLUG 
Mani psupeninpenderntes . BAGH 2. dak cue 5. aici in si\i etn ee eee 200.00 
(Gin Kea) ASUS OCTSp ee egos eee 


errno he CE 125.00 

imaplementowedeannd.: Gramanry io < 0s .\bes.« cies, nk 6,150.00 
NOM OOM taste ch fk kb iselr as she ad a ats ood Lk 600.00 
IBBiabstke, Ne) SCORE HU ct ial eo ana a OR 8 STS Kole YE Sa, 200.00 
_Biish Rarlos| (dea LCG, in) SR Re an ce ea MPT ec OLN re 8 5,000.00 
pkey chaig' CIDE Wes Gl) pat tole Slee ea eel Oe i GC 4,000.00 
Bapevimentullog Meeding. Shed 0... i... .cs. ss 500.00 
URGE Viren ctacind Kore) git ecee ciici se vivid alec vlan eee ki ae 1,000.00 
Pups GUn mret unin Pen eee craks < oun spoke es OL ee 200.00 
Sea MMOT NCU Weis Tata ethic Relea aki ed sic. s a: ene: 200.00 
SECON Ain tm waaay. spre ie ud lesen hooeecs cen 5 ee 1,500.00 
(CoOINE GSN cie ot Saar ae eS SS. ape 100.00 
BAL Ve Oe die Waters (chee Je uk diwosiiinh sce... oe ee 500.00 
HepeniTent Grainus med (Steer) ty secs cv. a. : eee 100.00 
cp eiimilent steers Shed ioe glue ec. Sale ys earns 400.00 
TCE emB ante wuen Wits tonnage uN. Seikinlths.c yucs « ds ook er 500.00 
bxpenmmene Grain: shed (Sheep i a... . cass. 2 scan eee te 20.00 
CSO mers othe ach casas d alomtloges bhan r2' 2 oh eae a ee eae 20.00 
Wambing usted... js. , PS aN CCE ROC MRM co. Se eae eos 4: 15.00 
Samereranmotaton Gelatin: ci/siateen cg tie vhs ia.7 se TD 1,200.00 
SPOCK dere, OAV ALOR) cles crin sl © Woes fede s/o resale eee 4,500.00 
Total $368,900 
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ENE OM OTN dates ifo1 lust Sai ake Pe 6 neh eR NRA a 6 eka Se $ 146.75 
JeXcatthinige} lel GOOG) oye hal mn anes an Maar Ree Me PrN SRR an ES 12,785.45 


BA Otan var amon Sti VS wccrs ariwiisccan aoa Maratatic eee eee 1,463.64 
(GisVa rc Salar ee eee coma y ORR Ce irae Rime nN SY STi a DE 5,000.00 
Giviltand Wrrigation Engineering (fs: seu. s. <a yn ee ee OGLO0 


dS Ley 5 vol Payee cia eae e RITA Cen Pena est Deve ee A A Mat clita. | gE 11,703.00 
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ante NaC Manes mein Meme ME erect cbc fic Gaiconsive aclcsbs sees ens 9,457.25 
eheantsrecrs WbrGyarerhacrs, 2... U2 oe een Noe ie 573,35 
Ome VA COMO IC ce dames LU Gl eB oe 2,204.78 
TOT Cte ripou new ieee kc pcre i eSB ee 2,269.50 
IDA DE at aes Sa Reais 26 0, - 1S As ee ee 49,804.09 
Dita Silesia tions fan Seer ee De 522.00 
WRECHA BEA TOIT Ce LIT MME Leek cca 'e cecabvdie « co weld Savehathed os 21,192.15 
Military Setence >. same oe. Ee ghee ge ERAN DRIER A ARO ene RO ataA Te 131.40 
AVRO die hin wiv Ono g C71: eMC ee ders ef se vals dare vie. ade dihalhoalon 400.00 
Phy sicsand) Electrical (maine enine:.. ceca. cs < ricce ned’ mended wens 9,504.86 
FRCS CemiemOTiCG, MMMM se co bala cauln chile oes 539.00 
Ine cent ieee SOU RW stems | ny All 555.43 
Neroniemeatigm © OM POSiG nem le W192. ot oo. vcle wc ac sos How be Meklo oedd 780.50 
CMO Olane Ne TIC tt mem Re are Cgc vas ow dee keen dee 186.00 
PUSS EIA SORES 5 ni! 5 ee 5 SESE eee eee 1,035.00 
MeL ehiiia Lys Cll CE) sa mememnnerei yah is. siereoieioc fais cls vv w/ae ods vu dies alea’s 5,289.72 
afoyeitoyenMenokal Tetaydopaav es S\ ey" * 8 cn a 11,843.85 

Total $159,793.72 
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EQUIPMENT.’ 
Avra iva li lity GS etl a memete Sen cs caine debe veiw sines iaic\ elarapeiersiniaheve waite $ 2,354.00 
Wrkearsas (Vallevubie lam reuiomeeyemtants asics ile clave saelds oe ate tie ele oleae 4,528.75 
Beicheniological. IN VeStimemote tee si seve alae ise duoscs oe wie alee else eheeue's 2,045.59 
iByeychaui Sei MSO CebaWg rats 2.0 \: 0) > so el Sane eee a 1,715.00 
Dieta eCELOT...:)-<\ MMEMIe Seis o cissacc io vavati ». Usa ava torevalb oiaolahare™ 2,469.07 
Ghieven nome ornty,| Mx perimaememape enc fascicles ine ole vinie vse) sie 'eereteaia's 3,885.20 
AD RICO tA SWNOEL GOY 7s <5). a RMN sto occe, oa basa bs Podvecy we spesmeees cua leeds 6,346.72 
ELOMOlootcaliGeCtiOns 9h Reman: sien tac eth bev ae eh pas y ees 1,564.12 
Fer Cnn Vie DUET Ol. . ol ae PEN ALO geal Ally rel gas ena y acesacntaliacalinys 260.75 
ELONSE rE VEStTe ATION: .. kgeOMMMMPM ESS ois ielesos es fis ab sted Goslw sins stn atelava 11,691.15 
ERORere rN taual s SCCUIOT | stem eM cra). sce 5 G0 Se ca! tle ahaudhniaverrs ni 494.15 
lincisationebngineéring Sectionees y...2 .. anes sees eee eels CA ase eet 7,028.64 
Esa eect LTCITIG EA Vabieele sx tr eM PUI ony op Goi KGS gle weitere? A ete chosrere we 2,946.15 
OOM RENNES Ul era £10 11): \r> 5 Sr MePMMMeGe ee ayes as goa alae shel"0 sl-aiay'e Ee ate ea ale, 1,831.43 
Wetelinaiya Se CEO |. t.eeMeMmimentie 2 © Ligrotayeecstaiveale, anise. eleavato. we wal sveyece 688.75 
Total $49,849.47 
SUMMARY, 

Value of Lands, Not Including Congressional Grant ............$ 229,000 
AVENE Opel, 18601 ab 6 (gop pe cvAe cL bce ASTOR ERROR ENCE RCR A CR aE aco 368,900 
FOeayee ougaeiaitt, kee sien a bali lorry Soe oN te Nel ane es eet ae iC ary Se 209,643 
807,542 


Total 
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8 
SECRETARY’S CASH ACCOUNT. 
December 1, 1908 to and Including November 30th, 1909 
Receipts. 
JAN jagmill SRC V oF (aliasy2 65 ain gels, pets See ecru Geeecre eine acne t $ 3,344.54 
Farm Department 1,721.73 
NASM UTS CLI CCGULtephasrciuer one eoz oie visivisl swa\euajels, woo Sut 3,151.55 
Merete eNO LT CUCL El sere nyc Sb itr ie 6 Saye aoaiete ola aa + oe Medan 107.75 
Farm Mechanics Sodio REAR O TS OC EL: 103,08 
Botany and Pr secuieiee BY tity Bae MOEA re RO eM > c 166.00 
AGE a OD ATiMTENICwucetal a pei «vee citnerbe Sls diene w'a.'s ce 155.33 
Civil and: irrigation’ Kngineering.....0.. 2.000... 0008s 312.40 
ILENE TRE Si Ry a cee Re A ee ene a 12.52 
Omi ieeu tyme eine es cetg diese rate je dele cie ste ss) ug Sjecelen ec 375.00 
Whechranicale ET eiteeritle jos > 2c a0 furccar see ada ome 46.95 
Music Department eS oR end RE AMOR DS ony: 40.00 
Physics and Electrical Rnciacerais ciel 8 atin ae 42.70 
Wishenntl Ayan OCICIC GNM. icicsGeesn stkucsi wane aiers 7s 331.68 
Reralsce Onin On ymenta a ei ann ORs) cca woke wae eae 100.00 
Permanent Improvements 1,200.72 
NGiIEGeTE ME XK DEMSCla ne hve aie es auenie ccs aa np cighee ee 91.80 
(GEsAiasrail, IRGYTERTESM ot, SEI rar gtee an ee eae, 1.39 
intiance Fees 189.00 
Lights 3s cdbed GARE ES Bee RE ee 400 
Miscellaneous Sales 144.25 
rausters—Collewe MundS--2) 2 cscs heeds ss sof 2,313.91 
Transfers—Experiment Station Funds................ 4,049.59 
ENOROMGM. OIVISLOM qurare er. onG 2 sais +. >\s >. 152.89 
PAvRitaT AMUN OS tO ATLOM relc\actestsrs o's alelsvaiciieleuis cs, ac: « ae 2,678.23 
Pakansas) Valley Mield Agent 005.0 020) ccc. cs eee 874.50 
Wirechormand sGenleral: Pio) can. cles nceaie ye Cok os os. Se Weis 
ilomiMeul nica lt SeCtHOme fen S155 taki sss acs... ee 203.09 
Wereninanvar Section WN on ee. oy oe. | os a 330.07 
HiRunM UES TTS AtION Nt. .c ne iss eter ctedes cain. ks eee 40.00 
(Pllaraie: “TGNGH SIGN yi rex eet een Pn ee 9.01 
fos eulirnesti ea el OM tes son ciscels) catia se sie ake pes elt, eae 4,221.25 
Disbursements 

College Special Fund—Paid College Treasurer........ 
Experiment Station Special Fund—Paid Ex. Sta. Treas. 


13,956.30 
12,559.38 


$ 26,515.68 $26,515.68 
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DISBURSEMENTS—COLLEGE FUNDS 


For the Year 1908-1909 


ENG ROP MGR AON ore ane 5) 5054/8 5 eke OCIS CES eae 883.67 
PNcitnaleMetinis Dente CTV; WMI Le Sec aici w seiedig vies hoeevealee 5,997.32 
inehgaghe: INI cei euOCe ibaa >. ~'. 9-240 Gage ee ae a a rd 5174.23 
Barna pamtin Crt |v. SPER Sch i cae ci ds ee eb eke ews 6,790.21 


Sri Esa Stittites) sen ee kt. aad 7825.68 
Generale Nec Citic | MemeME TEs. ls eo eincwis vec hecewe ge. 2405-91 


BOOKKMGE DIRE are. . <1 val oR ee ne a wsellls vine cre bce wwe tins 13.47 
BOtamvmaucd yr OMtic tiicMeMney ions vous lis coset esesbs ole 1,791.31 
CUS TNGEy) eS REOPENED co. ooo sod Cita 648.67 
Cival sandy Unrigation (MO meimeenine) secs. .cecc ees secede etcswevecs 240.88 
Constitutional History and Irrigation Law ........-2+eeeee sees 18.25 
DSi SMSO SASS. 66 enc ae Ae Ae 561.47 
IBBIgtyon cs ehoval” LSC EN EHRS 6 oC CER bo UM nee 104.72 
LS MOp EHR UES Boo scsaid!5 <r cutsg ote SG ER Aen A 1,736.39 
WIDTH Rm BES 2 Sn edo de th cdc BOGOR ee eee ee eae eee 15.67 
Wecha tical -Mrmermec wit emmeme es sce. te gctis cc we gery gen see's 1,859.91 
NAAT ATV cS scares ree en RCE ENEMA rote cS 6) sea ok a's. dope sys era dauieaert 201.05 
MC deni. L/At SUA hes ee ee Se ile eae ecae oe 13.12 
Witsoe epar tient |. pemeeMeneee lo ae ieee ae da st he clown eines 430.42 
ory Ste ceotatia itis... «+. (eR af Soe s Sys wv bs wala scale gine eye bs 148.16 
iPhysicsvand Electrical. mommeenimers 0... ci... ss steele nee cee 789.25 
SAIBRY iooro.c od UU SS Gis co 0 ot a een $ 75,733.34 
TEpctese ales: OS SRC uNMRMNI oS Joye ea 845.26 
SCRIP EN AIAIAS, (ONIN CCUMIAIRIEIOI ie oo) «ocr og pacer ee Ee 921.01 
FU ekOmce aide © Oinp OSIL1O Ime inle ai: . cic etna vie oe ate alae eo musiacute 130.49 
Veterinary Science .......... sc: SAS Ee Rare 3,653.58 
Zooracveand =H tomol O py teremenrenne deter che aia sec tiie oe fae wip ee mie ara 88.63 
Hem OAnC Of APT iCtl tUremmmemeractstsis e 5s <sp0bls o> wie e218 mi riers eee 1,464.66 
Onacioniveaoulvetins. and. REPORES) ee cicec-c v-i eee bieine eee Koes 937.22 
Golem til sr... e:- ou MRI ioe 6 eco e- ohn) sov08 Sovlate ale alsd ers giclee’ 1,414.17 
GASIEMERNECE) 3. 0, eS EERE coc 0 oo 6 Oro aeRO ee eee nc 522.00 
Stipvalonnes [Lai Git. Sage REISER ooo 2s co. hg en eC Re Cnr eee ee eee pee 2,348.26 
Er eriermernGaiannitOrs |, eeemnia wie.) Gis ace" lls pine wie ste nn 4,724.28 
Sec eee eRe.) PCR eR SES LS ch acd elfyial ad Seale, wjahens 3,171.11 
DRT LIGIER? <5, oc BIND choc. Sicoile elbey Shee eee Oe a NAR ne ROR arc chee 1,178.39 
Weammanent: lmprovememts emma ssa sti vores nets tne pee eens 3,819.74 
Ciianeriel x<pemsers <0: Ac) eae e eles ice re se cScewn te tena Seile enne 2,031.47 
(Geinwie.ll IRSA ETEG) SEPM 2 > 0.28.5 SGiaed Sete eter leanne am ena I 1,365.35 
en EEIBCR AITO MEREUEES «yards eGuides fect eee ee eerie ns 79.55 
umocmotmebmaldine: nce adatnebicer wae conte cece ene ees ANE MDAC 35,425.20 
JE SReANEG) 5 35 2-5 call ORO SRD Bi eipin Spice oles Nicene aie circa 835.48 
WV eLLerMM ARSE SSTINGTICG ys iciss ciiae ciclo isto cietece g yer are myn e Meyeice sielce pose ue 2 1,183.48 
iyi avalile CMRP Tac netet ney cles sieiclnve sistone wale tae che fine soe F ee ele nes 449.80 

27.30 
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Cte Me MhOMIOLORIStIeR Pet hic Lats Soy wdlerea Scr. ai 2 oer e see eer 144.95 

PE BOETOMEN UD DUES Mire i.n. 56 aba sie ta ac oecn Jee od 251.91 

POMP Ghtatr se OTIGE NLD ius rngk wa Kee abies owed Gh > ye er 90.77 

SERGI EOI OAMIMCUISOCE Wilco ucla cas se oye 100 533.75 

PPG NOM MM VV AKER ance tis sc aslWans cee sig hes ae rr 12,563.96 
Total $188 984.82 


DISBURSEMENTS—EXPERIMENT STATION 


For the Year 1908-1909 
We re oars 8 
SPIES UR.g) OE sk gy ne $ 16,941.67 
erOnOimuPSCCUON: «ccc sii oss eos cea tees ech eee ee 170.98 
PNMRITOIPUREVESHIGSUON «oS. 5c. ck wea sense owes vee Cy 4,330.54 
PIMGNSaSOVALey Picld Agent . 25. co.c.5. ssc ns cs ot Cee 59.32 
PRCT SUA ODOT icy. cai w. e soos Sok sc as! s se 3,087.83 
CUCL URSUS 2 (C1 is eee ae 958.40 
Prettar mmieGeneral -.os...sa6e. soci wl ee 1,680.19 
Entomological Section ........ Te - 825.87 
PPOTteMtuTal SCHON ..<5 . kee ws woe cs ce ce ee ce -. 1,042.99 
Irrigation Section ............ ee eee ee 1,753.75 
BRT Ie aie ns Sus cA nnn Sey ea Sa ks esis we os. «rrr 65.90 
WCU SUPE SR eet gt sae sk es kee Oe 623.01 
BeUsEPINVESUPSHON, coe fo soos ec. os ee ee 5,287.25 © 
ULES UU fe la 2,070.11 — 
EaMES@) SMVESUGATION << c5 655. ss osk os. cs... eee 6,063.42 
ey US SSC re 547.80 | 
POROUS SENSDOLIMENCS: 5.5. coe 2. ce een. see 1,523.17 
MeGtetoTaRVeCueatION «oc. se. ce ele ke ek en cc ce eR - 2326.16 
mIeGEOUANYS: OTIC: Wc. Sk4. 3 sco cence ke. ae 100.60 


MactermlowiGal: Section (uc... 5... ok. ee 188.00 


mermmachinery and Roads ...................... eee 283.99 
Total $ 49,930.95 
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FINANCIAL STATEMENT. 
THE STATE AGRICULTURAL COLLEGE, 


Fort Collins, Colo. 


SECRETARY’S CASH RECHIPTS. 
Desc. 1, 1909, to and Including Nov, 30, 1910. 


COLLEGE. 


Animal Husbandry Department 02... .... 0.5. suisse Bs 88O.09 
Buildine: Superintendent 1.2.22 06 cece sed oss ee 10.00 
Chemical Department ........ Teak aro 8 30.8 Stars 141.66 
Civil and Irrigation Pacinceday tanita 126.71 


enue OME OOS iw MAR ete itis e <%slels av co G bateuis oe 2,540.00 
Mrdratame UC CHIATITCSE her ecnets nll erc sore ce done aca posallis ow a 34.20 
Haran SPATE EDI cok! s)sh 5c, ges. e hie lace + H's sis «+9. 5-<: oly ROADS ONE 
ortieuitinale Department: <2... .. sce de. s oso 6 See 272.06 
Re tirtetey merry eke ind matare species «Baits maicd Gus oh Le 3.47 
Mcehantcalbneinneceninee ...cah. 2 ac 4 + clle emg ae eee 20.05 
Miscellancous: Colleetionsy si. dh cusics ++. .a 4 as 5 SO 798.20 
Physico andebilectrical, Bngineering .. 1.22 bit. aes 26.05 
HLeEMtS, chiens Behe ras 4 aci's, Oita ave sl 397.00 
State Bnanalonet BEY NE Aig Fabeladaies 4-2 ae 180.15 
NMenerinunva Wepartment - fork os san.c. och 34.4 se 816.06 

Total $16,896.01 


EXPZRIMENT STATION. 


PNaairnaleminviestie@atiOl - alsa seis. cite chess ds... 1 oe $ 8,415.29 
atm vMiachineny and Roads 2.2.0)... !.s.-. «se eee 290.65 
Peon SemLNWESETS ATION er iecclaki sess Se alorcie Geri. «2, Glee Ie 26 
OMG Rae OOCTIONE 4 coicisnle casos ss cs, ee 182.73 
estate MELOAI Wb © CULOT hc ciericlave Sco, 0.5 oii ie usd sods as 0 34.10 
Rela reomelia nis ta pines ca) Aerie d otras Sak /etice, Se ies) cas. 30 ee 137.65 
OUapOMmelmVics i OatlOM.28.. 2s tenstce tile coe ¥ oss 3G 365.09 
POULT Me HOD eMIIMONESc tah was\cve see ceo ee 55.30 

Total $11,710.17 

DISBURSEMENTS. 


College Special Fund—Paid College Treasurer 
Exp. Station Special Fund—Station Treasurer 


$16,896.01 
11,710.17 


$28,606.18 $28,606.18 


State Board oF AGRICULTURE 
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DISBURSEMENTS ON EXPERIMENT STATION FUNDS 


For the Year 1909-1910 


Department or Section Hatch Adams _ Special 


Appropriation Total 


“SUM Serres RS hy Ron Reema Meas DOS W8IBbe ses ee 19,207.17 
ESTs WEIN NSrelal Sawer ebotes | Xai 2 i rr ee 265.27 
Building a Sh oa Ae ae 750.00 OOOO Na ie Maruaene. ce Seka iths ae 1,250.00 
Bulletins and Reports .. 2,184.49 ....... Tad OSS | ase 3,625.02 
Chemical (schia eee e 152.45 2,048.25 Aaa yoni 2,201.15 
Director and General.... 1,604.22 2.36 60.75 1,667.33 
Entomological sa .enee 490.10 AD OUAG Mi waetariaae. | anne, 910.56 
Hlocticultirall’ ree 280.25 33,15 35.00 348.40 
Iecipation. :..... eee 1,846.61 742.67 97 2,590.25 
HEA DRT Vay Gkber ssc, ee 91.31 65.59 ee 156.90 
Veterinary Science ....... AAG E ab, A eee ee BIC. 2a ae arta Se 702.74 
CRS 8 MS Ok ai 46.10 6,012.64 6,058.74 
tant Endistiye.. is... 104.00 mainte fas ea 155.97 6,589.61 6,849.58 
lotsemliwesiieatiot ... \ uameeen Nee. « 2,318.55 1,114.47 3,433.02 
Secretary's Oltice ...... 24427 26.47 POU cae terns 300.83 
Bacteriological Inv’st’e’n ...2... ie OOS he AR ares Winn al ater 1,050.81 
IBGE A \b., ott oe te eee ce oo 5.80 NG RAB Sa dade tss 22.25 
PACMAN VeEStIgAatiOn <. \OMeRNENeN od, css 8,462.66 6,836.37 15,299.03 
Plains; Investigation .... ..0.e.. ee PA KOH ae Dine. te cect 52.97 
Poriommlinvestie@atiOn'...: aramamee sue sss 86.86 7,673.84 7,760.70 
ROUEEyiWeStisatiON: ..%. SSamiee 8 caics os « 65.71 3,476.83 3,542.54 
Farm Machinery & Road ....... Seb stom 554.03 4,716.01 5,270.04 
CheyennemCounty. 5... iA aegeekae. .cea%: a 2,000.00 2,000.00 

otal wants... $15,975.36 $14,473.28 $15,696.89 $38,419.77 $84,565.30 
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SUMMARY. 
RECEIPTS AND DISBURSEMENTS FOR THE YEAR 
1909-1910 
Balance Balance 
COLLEGE FUNDS: Dec. 1, Receipts Disburse- Nov. 30, 
1909 ments 1910 
MARTE ictus ee Raa Co tieas abe lve $33,496.84* $75,000.00 $74,182.37 $32,679.21* 
TAC TMC OME 6 5 gore sleeps. nf ne 584.95 9,350.00 9,608.22 326,73 
SHOCKS Ba Gen eee ieee 8,325.47 16,896.01 19,690.08 531.40 
Secretary’s Revolving Fund 1,500.00 Ree rath 1,500.00 
Mechanic Arts ......%..... 22:061.41 45,000.00 40,896.85 26,164.56 
Appropriation— 
Irrigation Building... 15,425,20* 20,000.00 ABST ABOU tie caters 
Farmers’ Institutes.. 1,066.10 5,000.00 G066d0) = Pas. ae 
Land and Water... 4,37'7.77* 8,186.19 S808/42 es: << ae 
STATION FUNDS: 
Tae yelol, Shy 4.4 GR eRe eee 3,559, 17 15,000.00 15,975.36 2,583.81 
ANGI aN Sy Dee eh cel eee ee 2,493.84 14,000.00 14,473.28 2,020.56 
SMC CIalMm Mon Sail caus e.cisinvss 10,376.46 117 ONY 15,696.89 6,389.74 
APPROPRIATION: 
Animal Investigation ...... 1,836.37 5,000.00 GS80:37 Thieme 
Peleninh MCU SERY << cv Scnielcsle kos 2,589.61 4,000.00 6,589.61 
Farm Machinery and Roads 2,216.01 2,500.00 AV UGCOUS” leh eereeee 
Prait Investigation ........ 1,012.64 5,000.00 G00 264-5. ade ates 
*Potato Investigation ...... 2,673.84 5,000.00 OVS .S4; ~ users 
Poultry Investigation ...... 976.83 2,500.00 3476583. - Saaeee 
Horse Investigation ...... 1,385.53 2,500.00 DLI4AS oy aie erage 
Cheyenne County ........ 1,000.00 1,000.00 2,000.00 
MUO MEME ee Ari he hens $2,587.36 $247,642.37 $243,392.14 $6,837.59 


* Overdraft 


Annual 


Salary 

$4,500 
2,500 
3,000 
2,750 
1,800 
1,600 
2,000 
1,600 
1,700 
1,700 


1,700 
*1,500 
1,700 
1,700 
71,600 
1,600 
1,800 
2,000 
1,200 
2,250 
800 
2,000 
1,900 
1,800 
1,800 
$1,500 
1,100 
500 
1,000 
1,200 
800 
1,000 


State Board oF AGRICULTURE 


THE STATE AGRICULTURAL COLLEGE 
PAY ROLL. 


Instructors and Assistants 


Col- 
Name, Position and Department lege 
Chis) A. Lory, President (......-. Neate . . $4,500 


Jas. W. Lawrence, Prof. of M. E. hi pees of Bactiey 2,500 
C. P. Gillette, Director and Prof. of Ento. and Zoology 100 
Wm. P. Headden, Professor of Chemistry and Geology 200 
E. B. House, Prof. of Civil and Irrigation Engineering 1,800 
Virginia H. Corbett, Associate Prof. of English and Lit. 1,600 


Geo, H. Glover, Professor of Veterinary Science ...... 2,000 
W. R. Thomas, Associate Prof, Const. Hist. & Ir. Law 1,600 
B. F. Coen, Professor of English and History ........ 1,700 
S. L. Macdonald, Professor of Mathematics.. ; . 1,700 


H. D. Humphrey, Prof. Military Science ae Sap otieg 
(Paid by Uaso) 


G. E. Morton, Professor of Animal Husbandry ........ 1,700 
F. C. Alford, Associate Professor of Chemistry ...... 1,500 
B. O. Longyear, Professor of Botany and Forestry .... 1,700 
S. Arthur Johnson, Associate Prof. of Ento. & Zoology 1,600 
Mary F. Rausch, Professor of Home Economics....... 1,600 


I. E. Newsom, Associate Professor of Veterinary Sc. 1,600 
C. L. Barnes, Associate Professor of Veterinary Science 1,800 
B. F. Kaupp, Associate Professor of Veterinary Science 2,000 
Sarah I. Kettle, Professor of Modern Languages ...... 1.200 
AlvinKeyser, Professor of Agronomy—Farm Manager 850 
H. E. Kingman, Associate Professor of Vet, Sc. (%) 800 
HP ALOT. | OCCTOEAINVMEDE RG hits 'c\s a cis c.sies s) vers epeiele> wares 


E. R. Bennett, Professor of Horticulture .............. 700 
T. M. Netherton, Prin. of the School of Agriculture... 1,800 
1,800 


F. A. DeLay, Prof. of Physics and Electrical Eng..... 
Inga M. K. Allison, Acting Prof. of Home Economics 1,500 


Charlotte A. Baker, Librarian dete 1,100 
D. C. Bascom, Assistant, Student Tite AA a ae Ad 500 
B. G. D. Bishopp, Assistant, Animal Husbandry.... 1,000 
Philo K. Blinn, Field Agent, Ark. Valley.........- 

L, C. Bragg, Assistant, Ento. and Zoology.......... 600 
Zula Brockett, Assistant, English and History...... 1,000 


* Resigned Dec. 12, 1910. 
+ On leave of Absence, 
§ Acting Head of Department. 
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A. Cammack, Assistant, Mechanical Engineering.... 
G. M. Cassiday, Director, Physical Training........ 
Phebe S. Copps, Assistant, Home Economics......... 
J. B. Crabbe, Instructor, School of Agriculture...... 
Atlene: Dilts; Assistant, Labrary © ..:..\. scene 
Earl Douglass, Assistant, Chemistry ............-. rae 
Margaret Durward, Instrisctor, Mathematics ; 
H. E. Dvorachek, Assistant, Animal Husbandry .... 
CUGsDwyre. Irs ‘Accountant oa... 20: <a eee 
Anna E. Elwell, Assistant, Physics Bee 
Alexander Emslie, Director, Conkenratonin i ea pette hs in. 
Julius Erdman, Florist, Horticulture. ‘ 
Frances Farrar, Assistant, Physical Trainee 
C. L. Fitch, Specialist, Potato Appropriation 
ID W,, Brear, Instructor, Agronomy. <. Jcumeelenene 
R. S. Herrick, Field Agent, Fruit Investigation 

C, H. Hinman, Superintendent, Farmers’ Institutes 
Alfred Johnson, Electrician, Electrical Department... 
F. N, Langridge, Instructor, Mechanical Engineering 
Jaws Marshall instructor Agronomy . saan cieee 
Dry Mathias, Aids [rrigation i 20) eee pene 
Miriam A. Palmer, Delineator, Station bean 
R, L. Parshall, Instructor, Civil Engineering.. 

D. C. Patterson, Assistant, Veterinary Hospital 
vba Rayne;.Eield Agent, Plains .2.. 0.) enone 
F, G. Person, Assistant, Physics and Electrical Eng. 
M. Pesman, Assistant, Botany and Forestry 
W. A. Peek, Assistant, Farm Mechanics............ 
H. Pierce, Instructor, Mechanical Engineering.... 
Maud A. Propst, Instructor, Home Economics...... 
F. J. Rankin, Instructor, Mechanical Engineering... 
Annie Robinson, Instructor, Home Economics 
Walter (Gr Sackett, ‘Bacteriologist .\. a smememmere ee: 
S. Van Smith, Instructor, Horticulture ............ 
J. S. Staudt, Instructor, Electrical Engineering.... 
J. C. Summers, Station, Chemistry 
Rak brimble. Metorologictics. ai... st meee een ee 
C. Agnes Upson, Assistant, Physical Training 
C. E. Vail, Instiuctor, Chemistry 
Wi Hea Viaplon,, Ponltryman) 2). .)) |.) sare 
idan Walker, cAssistant, Library, >... seems 
G. P. Weldon, Field Agent, Horticulture 
Susie Albee, Stenographer, Station ................ 
Daisy Bohnenkemper, Stenographer, Station A. Husb. 
Mazie Danford, Stenographer, President.......... 
Margaret Murray, Stenographer, Director 
Julia Reed, Stenographer, President ................ 
Jennie Short, Stenographer, Registrar 
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720 Ida Smith, Stenographer, Farmers’ Institutes...... 720. 
600 Edith Weldon, Stenographer, Agronomy ............ 600 
600 Nora Zenor, Stenographer, Assignable ............ 600 
600) Colin Allan; Fireman-Janitor . 20. v2.02. ek as le ce 600 
Om Os Haterch. StiuaemmramitOn ts.) sak eee aie ucelee At as 110 
BOA nen Catling Sta@ent-yanitOn Ooi. vic. cid dies as Gave owen 110 
HOM AM Callowayamopmm@ento) amitOr oui) .iis cd edie na oases OeLAU 
He Wo lovds Coon; StitdemteyamisOn ) 2)... cece sae cotuene 110 
0 eRowkenELecd nian penimemt Janitor |! cs jeny cred dice comet ALO 
LD OAM ED NS TLEL: | tem eMeaTnE OM il, Scr, ¢ sid aceite: asi gladelaa leis lee ney 110 
AOE Ommeinrich, Stud State eM ICOT fo. ds ce six oS avs faa ecarsteysiene sete LEO 
200 Wannrdcelly, Fl eddy eam GOt elk i. swe as a nine hase w Sisley wapee 900 
TOPE IOn Marks, SeicemempametOl ve. .cak oocce scl wey cde vives 110 
Ole: GA Saal ston. Spidendesia MOI js och a ves sca ae eee een 110 
COO Warkisnoullivan-«biseman-panitor .. cc. 5... 0. gece bee eek 600 
MO ee sas axton, USMOempmcamitOl sc sucked teas fowls eas 110 
OOM alc CASOVa Me ETNAMEPATIILOLS (ys. svosarslsicon  ocslsh bons ad sash se 720 
CO0mE ems VWialkem eG imetinam= Ia mitOT ati: jo cusis stu. ours viavars @ ohne 600 
F20urie Nace DapmelceaMineman=TAmMItOF ns sacs ics sa sjenase sess 400 
COOL MW ... Hie Manshalig NM ontwatChMan o2.ccsce ss cows es eee 2 600 
600 J. W. Bales, Teamster, Farm depart Beata eee RON GOL) 
540 H. J. Brown, Laborer, ae i PPiketeeenetsteohtas 3140) 
600 E. C. Coulson, Laborer, 5 m5 We Uhre ee her z {0/0 
540 Fred Coutts, Laborer, SS Oe eke Cave 5 a 540 
540 ‘Thomas. Coutts, Laborer, ” ys EGU ork ete dO 
540 J. W. Dallas, Laborer, # ie deacon Gaara gene One 
720 J. Dalrymple, Laborer, 5 SORA) eee Nit eit Rit ans 720 
600 James Fraser, Laborer, . apie ae ae Mie nee SO 600 
600 Alvin Fry, Irrigator, ? a So ais Bayes Levey sna et 193010) 
540 C.S. Grundy, Laborer o 2” RGN eae ee DAO 
540 E. L, Grundy, Laborer i SUMROED Ceara nara 540 
600 S. J. Lawson, Laborer, ze e Se tates OOO) 
600 Wim) Munn: Laborers Horticulture, oi. .b ie ek ee 600 
720 Alex. Nicholson, Herdsman, Animal Husbandry ...... 720 
1,200 Wm. O’Brien, Superintendent Farm, Farm Department 1,200 
540 J. M. Portner, Laborer, Farm Department ............ 540 
600 S. S. Portner, Laborer, Farm Department ..........6 600 
600 Wm. Thompson, Herdman, Animal Husbandry........ 
240 Adam C. Auld, Assistant Groom, Horse Invest....... ; 
600) A>. Barnhart, Laborer, Agronomy .:............. 600 
Total 


120,760 


I) 


$95,800 $26960 
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THE STATE BOARD OF AGRICULTURE: 


Gentlemen.—In presenting to you this, my annual report, I 
must of necessity cover many of the subjects presented to you 
in the semi-annual report last June. The work of instruction on 
the campus falls naturally in the year beginning June Ist and end- 
ing May 31st, and the June meeting is the best time for receiving 
reports of progress, of needs, and of achievements in the educational 
work done on the campus. It is also the natural time for allowing 
the budget of expense for the following school year and for making the 
necessary plans for whatever repairs and new work that is to be 
done on the campus during the summer months. For this reason 
much of the material that was presented to you in the semi-annual 
report last June you find embodied also in this report. 


A Vear of Organization—The past year has required many 
changes in our general organization, made necessary by the grow- 
ing importance of extension work, by the many demands upon the 
Experiment Station, and by the desire on the part of your Execu- 
tive Committee, the Faculty and myself for greater efficiency in the 
educational work at the College. The first result of these changes 
in organization is the increase in the work of your Executive Com- 
mittee. For years the Committee has confined its work to making 
a monthly audit of the expenditures, while the many matters relat- 
ing to the administration, such as finance, faculty and courses of 
study, college lands and leases, college buildings and permanent im- 
provements, farmers’ institutes, the work and the needs of the 
several departments, were the subjects of recommendation from 
special committees of the Board. We have found it almost im- 
possible to secure meetings of these special committees during the 
half-year interval between the semi-annual and annual meetings of 
the Board of Agriculture, and the practice, by special committees, of 
asking the Executive Committee, which meets monthly in a one or 
two days’ session, as the volume of business requires, to take care 
of their special work, has increased until now practically all work 
of the Board between regular meetings is done by the Executive 
Committee. In order to keep all members of the Board advised on the 
work of the Institution an abstract of the minutes of each meeting 
of the Executive Committee is made out by Secretary Taylor and 
mailed to each of you, with a letter of general information, by my- 
self. Nothing has done so much to facilitate work and make pos- 
sible effective administration as this desire of the special commit- 
tees to refer their work to the Executive Committee, and the willing- 
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ness of the latter to give much time each month to the many prob- 
lems incident to our various lines of work. 

Gradually, then, we have come to look more and more to the 
Executive Committee as the representative of the Board in all mat- 
ters of administration, and we have built up our organization on the 
plan of referring to its monthly meetings questions of administra- 
tion and of general policy. In building up our organization we have 
many problems confronting us. To the three main lines of work 
of the land grant colleges; first, the training of specialists and of 
practical workers, in Agriculture, Mechanic Arts, and Household 
Arts; second, research and investigation in agriculture, and, third, 
extension work by means of correspondence, lecture courses, insti- 
tute trains and demonstration experiments in all parts of the State, 
we have added the problem of administration of a large farm under 
intensive cultivation, and through recommendations to the State 
Land Board of the grant of 90,000 acres of land, given the State 
as an endowment for the College when the provisions of the Mor- 
rill Act were accepted by our Legislature. 

The training of specialists and of practical workers in Agricul- 
ture, Mechanic Arts, and Household Arts in strictly educational. 
High efficiency in this line of work requires that the teacher be 
well trained; that he have ability in giving instruction; that he make 
teaching his main work, that he be interested in his classes; that he 
have time to look after the lagging students and time to keep in 
touch with the advancement in his specialty. This will not allow 
much time for investigation or for extenson work during the school 
year. Research and investigation work in the Experiment  Sta- 
tion require a man well versed in his specialty, a man able to think 
independently and to interpret laboratory data. His success largely 
depends upon his freedom from interruption, upon the possibility of 
giving his undivided attention and time to his investigations, and 
upon reasonably good working facilities and considerable freedom 
for personal initiative in the planning of his project and the publi- 
cation of his results. If he is to give time to teaching, it should all 
be confined to one semester, when his service can be best spared by 
the Station, and if he is to do extention work, this should largely 
be along the line of his research at the time. Work in college and 
station extension calls for special training and for qualities on the 
part of the worker different from either those of the teacher or 
of the investigator. He must have the gift of teaching, but must be 
able to accommodate his mode of presentation to a constantly chang- 
ing class; he must be able to take the lectures of the specialist at 
the College and the data of the investigator in the Experimnet 
Station, and, modify both, present them in such a way that they can 
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be understood by his audience and incorporated into their daily 
practice. He must be able to carry on demonstration work and 
teach by actual example the value of new methods. His work nat- 
urally is in the field, among the men engaged in agriculture, and 
in the industries. To withdraw him for long periods, either for 
teaching or for research work on the campus, cuts down his ef- 
ficiency. 

When the attempt is made to carry on these three lines of work, 
which differ so fundamentally from one another, with the same corps 
of men, difficulties multiply at once. The needs of his classes prevent 
the teacher from doing much station or extension work during the 
school year, and the efficiency of the station worker is cut down 
if he must spend too much time in the field or in the class room. 
The extension work suffers at once if the worker is withdrawn for 
any considerable period from the field and put to work in class 
rooms or investigations and good team work and helpfull co-opera- 
tion among the workers in the three lines require that each be well 
informed of the work of the other two. Moreover, a _ certain 
amount of extension work should be done by both teacher and invest- 
igator; it places them in touch with actual conditions in the field, 
with the problems of the producer, and makes them familiar with 
the producer’s point of view. A certain amount of teaching and 
investigation should be done by the extension worker, because it 
puts him in touch with the work of instruction and investigation. 


Proper organization, then, should provide for a certain ex- 
change between the work of the teacher, the man engaged in re- 
search, and the extension worker. It should provide for good team 
work and for the opportunity to plan work for several months in 
advance, and it should make possible high efficiency in all three 
lines of activity. Proper organization must also provide for meet- 
ing the demand of more extension work, which the needs of our 
State make imperative, and provide for the increased demands upon 
the Experiment Station and upon the educational work at the Col- 
lege which will naturally follow the increased activity in extension 
work, 


In working out our plan of organization we made an ex- 
tensive study of the systems used by the colleges and universities 
of the middle West, and were fortunate enough to hear the dis- 
cussion of college organization, with relation to extension work, 
at the Graduate School, at Ames, Iowa, this summer. Bringing the 
information gleaned from the experience of others to bear on our 
own problem, it was not thought desirable to establish a separate 
corps for extension work, even should we have the funds to do so. 
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The plan of making the Experiment Station worker entirely in- 
dependent of the College department has never seemed advisable 
and as research work increased, certain departments were organized 
for instruction and for investigation, men being assigned to one or 
the other line of work as its needs made necessary. "The work was 
planned so as to free the teacher for the time being, as far as pos- 
sible, from station work and vice versa. A scheme of organization. 
based upon this plan and modified so as to include extension work, 
was finally adopted by the Executive Committee. This scheme pro- 
vides that all departments in the College shall be organized for in- 
struction, for research and for extension work. Full work in these 
three lines will require that a department have a number of workers 
for teaching, a number of workers for research and a number of 
workers for extension. It is not expected that a department like 
Mathematics, English and History, Modern Languages, etc., shall 
do station work, but answering the call for help from the public 
schools, there is no reason why these departments cannot do valu- 
able extension work in their respective lines. 


The department is made the unit of organization. The worker 
in teaching reports through the head of the department to the Dcan 
of the Faculty. Those engaged in investigation report through the 
head of the department to the Directir of the Experiment Station, 
and the extension workers report through the head of the depart- 
ment to the Superintendent of Extension Work. The Dean of the 
Faculty, the Director of the Experiment Station, and the Superin- 
tendent of Extension Work report to the President, who reports 
directly to the Executive Committee of the Board, which Committee 
in turn reports to the full Board at the annual and semi-annual 
meetings. Monthly reports and estimates of expenditures for the 
coming month are made to the President by the three executive of- 
ficers, the President in turn submitting his report and a general, 
estimate of expenses to the Executive Committee at its monthly 
meeting. The Dean, the Director, and the Superintendent meet 
at the call of the President for consultation on questions of general 
policy and with the President and Executive Committee, for con- 
ference at the monthly meeting. Projects for research work must 
be submitted to the Director for his approval before any investiga- 
tion is started, and plans for extension work must be approved by 
the Superintendent and the work done in the field under his direc- 
tion. The plan of organization is shown in the following outline: 


The Executive Committee of the Faculty—The general routine 
work of the Faculty is done by the Executive Committee of the Faculty, 
made up of the Dean of the Faculty, thechairmenofthe divisions of Agri- 
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culture, Mechanic Arts, General Science and [Home Economics, and 
Veterinary Science, the Principal of the School of Agriculture, the 
Chairman of the Committee on Rural and Industrial Education, the 
Chairman of the Committee on Courses of Study and Catalogues, 
and the chairman of the Athletic council. The division of Agriculture 
comprises the departments of Agronomy, Animal Husbandry, Chem- 
istry, Entomology, Farm Mechanics, Botany and Forestry, and Hor- 
ticulture. The division of Mechanic Arts is made up of the depart- 
ments of Civil and Irrigation Engineering, Electrical Engineering 
and Physics, Mechanical Engineering, and Mathematics. The divi- 
sion of General Science and Home Economics is made up of the de- 
partments of English and History, Modern Languages, and Home 
Economics, and the division of Veterinary Science of the various 
parts of the department of Veterinary Science. 


The chairman of each division is responsible for the students 
of the division and for general division interests. General division 
and weekly departmental meetings are helpful in securing good team 
work. 


The Exper:ment Station Council—In order to secure effective 
co-operation and good team work among the workers in experiment 
station lines, the Station Council, made up of all men who are carry- 
ing on projects under the Adams and the Hatch funds or special ap- 
propriations made by the State Legislature for experimental purposes, 
has been organized and meets at the call of the Director for the 
consideration of general Experiment Station matters and policy. 


Council of Extension Workers——Our extension work has not 
yet developed sufficiently to: warrant the organization of a special 
council for the extension workers. Should more appropriation be 
provided by the Legislature for this line of work, so that a greater 
force can be employed in the several departments for the extension 
work, such an organization will be necessary. 

Changes in the College Cowrses——At present many of the class 
rooms must be used both by the college and the School of Agricul- 
ture classes at different times in the day. When the college year 
was divided into three terms, of twelve weeks each, the School of 
Agriculture, opening in October and closing in April, overlapped 
both the fall and the spring terms, making it very hard to adjust 
classes at the close of the fall and winter terms and at the close 
of the first term of the School of Agriculture. To avoid this the 
college year was divided into two semesters, so that the first semes- 
‘ter in the college work and the first term in the School of Agricul- 
ture work end practically at the same time, and the courses in 
the college arranged accordingly. A further change in the course 
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of study made the first two years for all courses in the division of 
Agriculture alike, the first two years for all engineering courses in 
the division of Mechanic Arts alike, and the first two years in the 
courses in General Science and Home Economics alike. Ten hours 
of electives are allowed in all four-year courses in the Junior, and 
twenty hours in the Senior year, and the requirements for graduation 
were made the same in all four-year courses. One hundred and sixty 
semester credits, six of which must be in military drill, for men, and 
in gymnasium work for women. Women are allowed to present five 
credits in Music; 145 semester credits are required for graduation 
in Veterinary Science, four of which must be in military drill. 

Farriery and Two-Year Course in Mechanic Arts Discontinued. 
—Neither the course in Farriery nor the two-year course in Machanic 
Arts was well patronized, the former having no students enrolled 
last year. By action of the Executive Committee both were discon- 
tinued, the Farriery course in January and the Mechanic Arts course 
in June. 

Salary Schedule—At the semi-annual meeting, 1909, you ap- 
pointed a committee to work out a salary schedule, especially for 
the workers engaged in teaching, and requested this committee to 
report at the annual meeting. At the annual meeting the committee 
reported progress and asked for more time. At the semi-annual 
meeting, in June, 1910, Chairman Ammons reported that it had been 
very difficult for him to get his committee together and that he was 
not yet ready to report. The question of salaries, therefore, was 
referred again to the Salary Committee, with instructions to report 
to the Executive Committee and at a special meeting in June, the 
report of the Salary Committee was adopted, and the schedule of 
salaries proposed accepted and ordered put into effect beginning 
with September Ist, of the past year. 

Changes in the Faculty—Librarian Joseph F. Daniels, presented 
his resignation at your last annual meeting and left his work here 
December 31, 1909, Miss Charlotte Baker was appointed Acting 
Librarian until June, and Librarian at the June meeting. Miss Daisy 
Frink, assistant in the Department of Mathematics, resigned in De- 
-cember. Mr. James Pennycook, Assistant in Farriery, severed his 
connection with the Institution in January. Instructor E. J. Iddings, 
of the Department of Animal \Husbandry, resigned in May to ace 
cept a position with the University of Idaho. H. M. Cottrell, Direc- 
tor of Farmers’ Institutes and Extension Work, presented his resig- 
nation to the Executive Committee at its May meeting in order to 
accept a position with the Rock Island Railway Co., as Agricultural 
Commissioner. Directgr Cottrell had been with us four years and 
did great service for the State. Though we rejoice in his good for- 
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tune, all of us keenly regret the loss of his valuable services to the 
Institution and to the State at large. Director L. G. Carpenter pre- 
sented his resignation as Director of the Experiment Station at your 
semi-annual meeting last June. In order to meet Director Carpen- 
ter’s request to be relieved of the duties of his office as soon as pos- 
sible, the Executive Committee appointed me Acting Director until 
the new Director could be appointed and take over the duties of the 
office. Prof. C. P. Gillette of the Department of Entomology and 
Zoology, was appointed Director of the Experiment Station, at a 
special meeting of the Executive Committee, June 14th, but did not 
take over the work of the office until the beginning of the new fiscal 
year, July 1st. Prof. Carpenter told the Committee that it would 
not be possible for him to give all his time to the work of the In- 
stitution. The Committee therefore relieved him of all instructional 
work in the Department of Civil and Irrigation Engineering, so that 
he could give his time entirely to Station work. H. M. Bainer, 
Professor of Farm Machanics and Dairying, and Farm Manager, re- 
signed in June to accept a position as Agricultural Commissioner 
with the Santa Fe Railway Company. It was found impossible to 
find a man to take Professor Bainer’s work, so the dairy work of 
his department was transferred to the Animal Husbandry Depart- 
ment. Professor Keyser was appointed Farm Manager and Mr. 
H. B. Bonebright placed in charge of the work in Farm Machanics. 
The position of Mr. D. E Mackey, instructor in Forge in the De- 
partment of Mechanical Engineering, was declared vacant by the 
Executive Committee at its special meeting June 14th. Mr. Claude — 
Rothgeb, Director of Physical Training, resigned in June to accept © 
a position with Colorado College, Colorado Springs. Leslie F. Paull, — 
Associate Professor of Horticulture, severed his connection with the 
Institution, in August. Professor Mary F. Rausch, of the Depart- | 
ment of Home Economics, who has not been well for some time past, — 
was forced to give up her work entirely in October for an extended — 
rest. She will spend ‘several months in Europe and is not counting — 
on taking up her work again before next year. She was granted — 
a leave of absence for a year, if necessary, by the Executive Com- | 
mittee, with the understanding that when she returned to the College — 
most of her time should be given to extension work. Edward A. 
Bessey, instructor in the Department of Physics and Electrical En- 
gineering, died suddenly June 12th. His death was wholly unex- 
pected and came as a great shock to the Faculty and the students — 
alike. Mr. Bessey had been with us only a year, but in this time 
he had securely won the respect of his associates and the confidence 
and friendship of all of his students. r 


’ 
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rigation Engineering, was promoted to Professor of Civil and Ir- 
rigation Engineering. Ralph Parshall, instructor in the Depart- 
ment of Civil and Irrigation Engineering, and Fred G. Person, in- 
structor in the Department of Physics and Electrical Engineering, 
were promoted to assistant professors. H. B. Bonebright, assistant 
in the department of Farm Mechanics, was promoted to instructor. 
New Appointments—Claude H. Hinman, B. S., University of 
Nebraska, and a member of the Extension Division in the Kansas 
Agricultural College, was appointed Superintendent of Extension 
Work, in June, to succeed Director H. M. Cottrell. Superintendent 
Hinman took up his duties with us August rst. Inga M. K. Allison, 
head instructor in the Department of Home Economics last year, and 
granted leave of absence for a year, by the Executive Committee, 
in June, was appointed acting head of the Department of Home 
Economics when Miss Rausch had to give up her work in October. 
H. E. Dvorachek, B. S., University of Minnesota, was appointed in- 
structor in Animal Husbandry, April 29th, to take the place made 
vacant by the resignation of Mr. Iddings. Mr. Dvorachek entered 
on his duties here July 1st. Margaret Durward, Ph. B., Chicago Uni- 
versity, was appointed assistant in the Department of Mathematics, 
June 28th. Mr. S. V. Smith, B. S., Kansas Agricultural College, 
was appointed instructor in the Department of Horticulture. at the 
same meeting. B. G. D. Bishop, B. S., C. A. C., was appointed in- 
structor in Dairying in the Department of Animal Husbandry, J. F. 
Staudt, B. S., A. M., Franklin and Marshall College, was appointed 
instructor in the Department of Physics and Electrical Engineering. 
F. J. Rankin, B. M. E., University of Kentucky, was appointed in- 
structor in Forging in the Department of Mechanical Engineering. . 
Michiel Pesman, B. S., C. A. C., was appointed assistant in the 
department of Botany and Forestry. Anna Robinson, B. S., Teachers’ 
College, Columbia University, and Maud Probst, B. S., Rockford 
College, Rockford, Ill., were appointed isntructors in the Department 
of Home Economics. Pheobe Copps, B. S., Armour Institute, was 
appointed instructor in Home Economics for work in the School of 
Agriculture. J. B. Crabbe, B. S., Ohio Wesleyan University, was 
appointed instructor in the Department of English and History for 
work in the School of Agriculture. James D. Marshall, B. S., Uni- 
versity of Wisconsin, was appointed instructor in the Department of 
Agromony. George D. Cassidy, B. A., University of Vermont, was 
appointed Director of Physical Training, and D. C. Bascom, B. S., 
Kansas Agricultural College, Secretary of the College Y. M. C. A., 
was engaged to give half his time to the student life work of the In- 
- stitution 
Enrollment—A study of our enrollment this school year, fur- 
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nishes much food for thought. When we were planning our cam- 
paign for new students last spring we set our mark at three hundred 
for the College and four hundred students for the School of Agricul- 
ture. While it was not possible for us to conduct nearly so vigorous 
a campaign as we wished on account of lack of funds, yet we tried 
to speak before high schools in the State at least once and some 
more than once. However, the results show that our work was not 
effective enough and that we did not put ourselves and our work 
before the high school students sufficiently to turn them to us in 
as large numbers as we are entitled to or have reason to expect. 
The work done by Miss Rausch and by Professor House before the 
high schools bore excellent fruit. No one who has not had actual 
experience in this field knows how strong the competition for stud- 
ents is in this State. In Agriculture we have no competition, but 
the high school boys do not as yet understand the great opportuni- 
ties that are offered in this field of endeavor, so that very few are 
looking toward some branch of agriculture for a vocation. Neither 
do the young women of the State realize the great demand that is 
bound to come for teachers in agriculture and domestic science, so 
that the young women of the high schools who are looking toward 
a teaching career naturally think of the Normal School, first, or, if 
they expect to teach in a high school, many of them look to the 
University. When it comes to Engineering, quite a number of high 
school graduates go out of the State. Those that remain here have 
the choice of three institutions; the University, Colorado College, and 
our own Institution, if they desire to take either Mechanical, Elec- 
trical, or Civil Engineering. The strongest work in Irrigation En- 
gineering must naturally be with us, and I think we should look with 
considerable disfavor upon the efforts of any other state institution 
toward the establishment of such a course. 

The very fact that we are a technical school; that our graduates 
do not enter the teaching profession, but go into the industries where 
they are not in touch with great numbers of young people, especially 
high school students, while the other institutions that have engineer- 
ing schools, also have a Liberal Arts course where quite a number 
of teachers are prepared annually, these teachers going into the high 
schools of the State and naturally working, perhaps unconsciously, to 
turn the minds of the graduates to their own Alma mater, gives these 
institutions an advantage in the solicitation of students, for it can 
hardly be expected that one of our teachers visiting a high school, 
speaking perhaps for half an hour or fory minutes once a year, can 
have as much influence in directing the students here as can the 
teacher who is with the class constantly and by her very efficiency 
and popularity makes a strong impression for the institution that 
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trained her. We must have students here if this Institution is to 
give the service the State has a right to expect. A splendid plant has 
been established here; a splendid Faculty has been gotten together. 
We have the facilities for taking care of more students than we have 
now, especially since we have gotten the two new buildings that 
have come to us this past year. It is just as easy to teach a class 
of twenty or thirty as it is a class of three, and every young man 
that we can graduate and send back to the industrial work of the State 
carries the work of the College to his community far more effectively 
than we can do through our extension work. The following table 
will show our enrollment to date, also what percentage of students 
of last year’s classes returned to the College this fall. 


Men. Women. Total. 


Mitece) orders: 1) 2a Meee oe 179 62 241 
School of Agriculture Students -._.._.__.___ 188 85 273 
Conservatory, OL WVinsicuseeeee so ee 20 CF 78 
Returned to College this fall: 
Wuclascitied Students ers emi ta ye 20% 
IeNeresSlcham\evalgrytapsyenemyel osc ot oe 2 TU 68% 
SOVOMMIOTES - = 2k ae emer ku 2 83.6% 
Bittmnionasiees Se San fae ey 86% 
ietinued|to ochool of Agrieuitmper 2.4 56% 
MoleseGraatates Last Vermeer oo. 8 42 
monpncetdemucollese Studenmmeme. 2. 2.2.0 fake Zu, 
Non Resident School of Agriculture Students __-_.-_----------- 19 
Number of Accredited (High Schools Not Represented -_-------- 23 
im Niaraber oi Counties not Represented! #i-.0.-_. .---- 2G 
Number of Counties Not Represented in School of Agriculture __ 16 


Conference of Presidents of the Four Institutions of Higher 
Learning —Early in the year Govenor Shafroth issued a call to the 
Presidents of the four institutions of higher learning for a conference 
to be held in his office, on the 19th of February, to consider the ques- 
tion of cutting down expenses of the several institutions, and parti- 
cularly to consider the question of duplication of courses. Senator 
Ammons was requested to meet with the presidents and to take part 
in the discussion. The whole question of cutting down expenses at 
the several institutions was gone over and the question 
of duplication of work taken up. It was shown by President Victor 
C. Alderson that the School of Mines is confining itself entirely to 
tthe teaching of courses in Mining Engineering and Metallurgy and 
that no other courses in Engineering are attempted or contemplated, 
and in its main courses the School of Mines is duplicating none of 
the work of the other institutions. A certain amount of duplication 
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was found between the State Normal School and the State University, 
in the department of Education, and between the University and the 
Agricultural College, in the courses in Engineering. No satisfactory 
method to avoid duplication could be worked out; in fact the con- 
ference could not agree that this was altogether desirable. A com- 
mittee was appointed, with Senator Ammons Chairman, and the Presi- 
dents of the Institutions of [Higher Learning to look into the matter 
and report to the Governor later. Ata meeting of this committee later 
the School of Mines, the Normal School, the Agricultural College could 
agree upon a line of work, but the University Regents, through Presi- 
dent Baker, declined to consider this plan. Since then no meeting 
has been held and no report was ever made to the Governor. This 
conference has a great opportunity, and if it should be possible for 
it to outline the function of each institution so that the four can 
work together as an efficient, well organized educational machine, each 
taking part of a certain share of the work, it will be the greatest 
achievement possible for education in Colorado and will furnish the 
possibility for each and every one, no matter what institution he at- 
tends, to be a loyal supporter, not only of his own, but of all the 
State. institutions. As soon as the true function of each school is 
thoroughly understood by the public it will be easy to secure adequate 
appropriations, and each school can adapt itself to carry on its parti- 
cular work in the most economical and efficient manner possible. It 
is unfortunate that this has not been done before, but we are in the 
same position as practically every other state in the Union where the 
Agricultural College is separate from the State University, with pos- 
sibly two exceptions. The separate Universities are following, as 
closely as they can, the Universities of the states where the Agricul- 
tural College is a part of the State University. They feel that 
the range of subjects that they are allowed to teach should not be 
limited; that, being a University, they can branch out and cover the 
entire field of human thought. In this they are encroaching more 
and more upon the work of the Agricultural College as outlined in 
the original Morrill Act and as specified by the Commissioner of 
Education. This has led to increasing duplication of work and bitter » 
rivalry between the institutions. 


As a Board we have been criticised for duplicating the engineer- 
ing courses of the State University, when as a matter of fact, en- 
gineering courses there were established after our own. Not only that, 
we at this Institution must live up to the contract between the Legis- 
lature and the Federal Government, entered into when the Agricul 
tural College was started. Under this contract Military Science, 
Agriculture and Mechanic Arts must be taught. The fault of duplica- 
tion rests with the Legislature when funds were appropriated for es-. 
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tablishing the School of Applied Science, later developed into the Col- 
lege of Engineering at the University, after the Government had pro- 
vided funds for maintaining this work at this Institution. If the 
people of the State, through the Legislature, wish to maintain an 
engineering school at the University, we can find no fault, but in 
maintaining engineering work here we are only living up to the con- 
tract entered into by the Legislature whose terms we as a Board are 
responsible for carrying out. 

Conservatory of Music—On account of lack of room it was 
found necessary to rent four extra rooms down town last year for 
the use of the Conservatory of Music. The plan was not at all satis- 
factory because it took the Conservatory students away from the 
campus. At the opening of school this fall the Conservatory of Music 
took up its quarters again on the campus and is permanently housed 
in the old Domestic Science Building. 

Student Life Work—During the year considerable attention 
has been given to the student activities outside the class room. Miss 
Corbett, as Adviser of Women, and as Chairman of the Social Com- 
mittee, has helped the young women in finding satisfactory homes, 
has kept in close touch with them through weekly conferences and 
through visits at their homes. By the establishment of a social calen- 
dar where the dates of social meetings are posted after a conference 
with the Chairman of the Social committee, the plan of confining all 

social meetings to the week end has been helped and a better regulation 

of the social life of the Institution made possible. By agreement be- 
tween the College and the Young Men’s Christain Association a part 
of the Secretary’s salary is paid by the College, so he takes charge of 
the work of helping men find rooms and board, of directing the stud- 
ent labor bureau, and of helping the men generally in the problems 
of the daily College life. He also takes charge of some teaching 
in the School of Agriculture during the second term. The Physical 
Director is giving a great deal of time to the men outside of athletic 
activities, and by his influence is stimulating their ideals of courage, 
right conduct, good scholarship and fair play. Professor Macdonald, 
as Faculty Treasurer of the Athletic Association, has been able to do 
much good by wise counsel and helpful suggestion in athletics and 
other lines of student activity. In fact the entire Faculty has taken 
a keen interest in the work of the student outside the class room, and 
we have good co-operation between Faculty and students that works 
strongly for increase in the efficiency of instruction. 

Some progress has been made in student self-government, in 

_ both the College and School of Agriculture, and the manner in which 
the students are working out their problems is gratifying and en- 
couraging, 
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The Young Men’s Christain Association is strong and vigorous 
and exerts a powerful influence for right living. No less in scope and 
effectiveness of service is the Young Women’s Christain Association. 


Our technical and literary societies receive good support and af- 
ford excellent training in problems of administration, in the prepara- 
tion of technical and literary papers, in parliamentary practice and in 
public speaking. 


The Budget——Last year we started the budget system for all 
departments of the College. This year the plan was extended to cover 
the work of the Experiment Station. The extension work has its 
funds practically set by appropriation from the legislature, although 
both the strictly educational funds and the special appropriations for 
experimental work made by the legislature, contributed for extension 
work. The railroads of the State, also, through their generosity in 
transportation for men and materials, and in their granting of institute 
trains, have given nearly as much as the amount appropriated by the 
legislature for farmers’ institute work. Were it not for this help 
from the railroads and the help from the other funds, the five thousand 
dollars per annum annual appropriation made by the last legislature 
would be wholly inadequate to meet the needs of extension work. 


The State fiscal year closes November 30th, the government fiscal 
year June 30th, for the educational work on the campus it is far 
more convenient to make the estimates for the school year closing 
almost forced to follow the reciation or catechetical method of teach- 
June first than for the year ending November 30th. This introduces 
some difficulties in bookkeeping and unless the rate of expenditure is 
specified, the tendency on the part of heads of departments to spend 
their allowance as rapidly as possible will cause an overdraft on the 
funds by the end of the fiscal year. No matter how carefully an es- 
timate may be prepared, there are so many uncertainties in the matter 
of enrollment, repairs, fuel needs, calls for special work, etc., that 
a large contingent fund is a necessity. The most difficult problem of 
all in making out the budget for instruction, experiment station and 
for extension work is met in the special appropriation for farmers’ 
institutes, for special demonstration or experimental work. ‘The 
funds must be used by the end of the fiscal year, but many lines of 
work can not be discontinued November 30th and held in abeyance 
till the new appropriation is available. Well trained men for both 
extension and research work are not only scarce, but are in strong 
demand. It is hard to hold good men against the higher salaries paid 
by older and richer institutions. It is simply out of the question to 
expect men to. wait from the end of the fiscal year till the new’ 
appropriation is available without salary. Moreover, the nature of 
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the work is such that such a wait would often mean the loss of an 
entire year. This unfortunate condition makes it necessary for the 
Board of Agriculture either to discontinue these lines of special in- 
quiry at the end of the fiscal year, and then start in again with such 
men as may be secured when funds are again available, or to continue 
until the Legislature shall again provide funds for the work. This, 
however, puts an undue burden on the educational funds and makes 
them assume the loss should the ‘Legislature not consider it advisable 
to continue a certain line of work. The special fund of the Experi- 
ment Station, which consists of money derived from the sale of pro- 
ducts grown and animals fed for demonstration or experimental pur- 
poses, is used for this purpose, also, but is usually not sufficient. In 
making out the budget, allowance is made for the purchase of material 
and labor by one department from another and from the farm; in 
other words for the full cost of the department in every case. The 
departments are credited with’the funds thus received, but are not 
allowed to disburse them. This plan i, used because we have as yet 
insufficient data to make a good estimate of this departmental in- 
come. 

Improvements—At the June meeting of the Executive Commit- 
tee, Prof. J. W. Lawrence was appointed Superintendent of Buildings. 
He began at once a vigorous campaign of general repairs and im- 
provements. The janitor force was organized and used in making 
repairs, in oiling floors, painting and varnishing. Prof. E. B. House, 
and Assistant Professor Ralph Parshall, spent the entire summer in 
fitting up the laboratories of the new Civil and Irrigation Build- 
ing. The splendid facilities we now have for laboratory work in 
irrigation engineering are largely due to their efforts. The old Civil 
Building was remodeled for the Department of Physics and Electrical 
Engineering. Cement floors in the basement, the papering, painting 
of wood work, oiling floors, and repairing of walls and painting out- 
side wood work and roof have transformed this into one of the neatest 
buildings on the campus. The forge room at the Mechanical Build- 
ing was enlarged to accommodate forty forges, and the necessary 
increase in anvils and forges ordered. Delay in securing the last 
prevented the completion of work of installation before the opening 
of the School of Agriculture. Enough new benches and tool sets 
were purchased to bring the total capacity of the wood working room 
up to forty students, and the Electrical Engineering laboratory was 
moved from the Mechanical Building to the basement of the Elec- 
trical Building. More coal and general storage capacity was pro- 
vided for the Mechanical Building by building a 20-foot addition to 
the old storage shed west of the foundry. 

Provision had to be made to connect the heating system of Simon 
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Guggenheim Hall of Household Arts to the boiler in the Mechanical 
laboratory. This is a vacuum system, while a low pressure steam 
system has been in use in the Mechanical Building and Library. It 
was thought best to change this to the vacuum system, the saving 
in fuel warranting the extra outlay of a thousand dollars. Provision 
had to be made also for a hot water heater and tank for the [House- 
hold Arts Building, and cooking tables for the foods laboratory in this 
building. The drugroom was enlarged at the hospital and a ward 
built for small animals. 

The experimental driveway built under the direction of Mr. J. H. 
Dodge, of the Good Road Division, United States Department of 
Agriculture, furnishes a good example of what can be done in road 
building, with native material, and is a splendid addition to the campus. 
The grading around the Household Arts and the new Civil and Ir- 
rigation Engineering buildings has been completed and the ground 
gotten ready for seeding to lawns in the spring. 

New Buildings—The new Civil and Irrigation Building was 
ready for use last February. Furniture and equipment have been 
provided for class rooms and laboratories. ‘The building proves to be 
especially well designed for its purpose. 

Simon Guggenheim Hall of Household Arts is a splendid monu- 
ment to the generosity of Senator Guggenheim. The building was 
ready for use by the middle of November. It proves to be well adapted 
for the work and has relieved congestion that was almost unbearable. 
Equipment sufficient to meet classes has been installed, but much 
more is necessary. 

Insurance.—An effort has been made to reduce the fire risk on 
the campus, to increase the efficiency of our protective apparatus, and 
to develop a fire fighting organization among our employes. We 
have made progress and have gotten some reduction in insurance 
rates. 

Administration of the Farm.—Beginning March 1, 1910, the 
plans worked out by Prof. H. M. Bainer, as Farm Manager, for 
the administration of the Farm were put into effect. Under this plan 
each workmen fills out a time sheet on which he tells what he is 
doing and where, for each hour of the day. A map was prepared 
of the Farm and each field numbered. Each field is charged with 
labor, seed and fertilizer. A schedule of prices was arranged for man 
labor and horse labor, and whatever is done for other departments in 
the way of labor or for improvements about the campus is charged 
to the department or to the campus and the farm given credit. Any 
feed, grain or other products grown on the farm and gotten by 
other departments, is charged at current market prices, and the farm 
pays for what it receives in the way of services, such as veterinary 
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service, surveying, or other work furnished by the other depart- 
ments. Keeping these farm accounts has added a very heavy burden 
to the clerk of the Department of Agronomy and to the Secretary’s of- 
fice, and yet we believe it is worth while, because after a time it will 
be possible to take these accounts and to show exactly how much 
it costs the farm to produce a ton of hay or a bushel of grain. It gives 
us at all times a definite idea of how much the farm is costing us— 
how much it is earning for the institution. Plans are now under way 
for working out a definite rotation for the farm, and to extend the 
system of charging to include water as well as labor, seed and fertilizer 
for each field in determining the cost of production; we will also 
determine the duty of water and be able to include the value of it in 
the cost of production for each field. 

Visits to Other Institutions During the last year we have grad- 
ually developed the policy of sending some of our men to study the 
methods of other Institutions. This was inaugurated by Senator Am- 
mons, who, at heavy expense to himself, took a trip to Washington 
last winter and on his way back visited a number of the institutions 
in the middle West. His knowledge gained at first hand, of the 
methods and plans of these were so helpful in his work on the Execu- 
tive Committee here that it was decided to have our men follow his 
example whenever possible. 


I spent three week last summer as the guest of the Agricultural 
Commissioner of the Rock Island Railroad, visiting the Agricultural 
Colleges and Universities in the middle West. This fall Dean 
J. W. Lawrence spent a month studying the heating plants, shops, 
equipment, methods of administration and general student life of some 
of the middle West and eastern colleges, and last month Director 
C. P. Gillette, Superintendent C. H. Hinman, and myself, attended 
the meeting of the American Association of Agricultural Colleges and 
Experiment Stations, at Washington, where we had the privilege of 
meeting workers in our respective lines from all over the country and 
listening to discussions of vital problems in general college, experiment 
station and extension work, administration methods, and policy. These 
visits give a broader view, they give a first-hand knowledge of what 
other institutions are doing, they give the opportunity of direct com- 
parison between ourselves and others, the study of methods better 
than our own, and make possible the adaptation of these to our own 
conditions. -I hope this policy can be continued, I know of nothing 
that will do more for the general work of the Institution than to have 
its men make occasional trips to the leading institutions of our country. 

Experiment Station—The work of the Experiment Station has 
responded in a most gratifying manner under the stimulus of in- 
creased appropriation. With all our increased activity, however, the 
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demands upon the Station are far beyond its ability to supply. The 
accompanying report of Director Gillette shows how much has been ac- 
complished this year. 

College Extension—The great amount of extension work that 
we have been able to do is the best evidence of effective organization 
on the campus and of the strong co-operation between the College and 
all the organizations and workers who are interested in the agricul- 
tural and industrial development of Colorado. The report of Superin- 
tendent C. 'H. Hinman shows you how much has been accomplished 
and how varied and extensive the extension activities of the college 
have become. 

Needs——The needs for the next biennium have been thoroughly 
gone over, conferences have been held between the various parts of the 
College and the needs of the work on the campus, of the Experiment 
Station and of the Extension thoroughly considered. Conferences 
have also been had with various organizations and the needs 
of various industries and _ sections taken into account with the 
result, a bill to be submitted to the next Legislature has been 
drawn up and is submitted for your consideration. ‘The amount asked 
for has been made as conservative as possible. We do not believe 
in the plan of asking for double as much as we expect to get. We 
want to go before the Legislature with a straight, open, business-like 
statement, showing just what has been accomplished the past two 
years, what the needs of the various industries are and what we hope 
to accomplish with the amount asked for the next two years and we 
nope the Legislature will treat us in the same way and if possible pass 
the bill without cutting down a single section. 

Appreciation—This report would not be complete without ex- 
pressing my appreciation to the entire Board for the help you have 
given me during the past year. ‘To the members of the Execu- 
tive Committee, for their efforts in behalf of the Institution; to Dean 
J. W. Lawrence, Director Gillette, and Superintendent Hinman, for 
their untiring efforts in behalf of their special lines of work and for 
the splendid spirit of mutual help and co-operation they have shown; 
to Secretary Taylor and Accountant Dwyre, whose initiative, ability 
ind willingness to take on new work have made it possible for us to 
tell now at the end of each business day how every fund and budget 
account stands, to the Executive Committee of the Faculty and other 
workers as a whole. We have all worked hard, we have pulled to- 
gether, we have enjoyed the day’s work, and have striven to make it 
vesult in higher efficiency and in making our Institution of greater 


‘ervice to the State. Respectfully submitted. 


CHAS. A. LORY, President, 
State Agricultural College. 


a 
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REPORT OF THE DEPARTMENT OF AGRONOMY. 


To the President: 


Prior to the beginning of the school year, 1910-1911, the Agro- 
nomy courses were thoroughly revised. The object of the revision was 
twofold. First, the school year was changed from a three term to a 
semester basis, which change made necessary several readjustments 
in the courses. Second, changes in state conditions and personnel 
made it advisable to adjust to the new problems to be met. As re- 
vised, courses are offered in Crop Production, Soils, Crops Labora- 
tory, Soils Laboratory, Advanced Farm Crops, Farm Management, 
Plant Breeding, Agronomy Seminar, or Special Problems in Agron- 
omy, Soil Fertility Laboratory. 

The change from a three term to a semester basis permits much 
better arrangement of time. The student is kept in contact with the 
subject for a longer period. The arrangement also gives both student 
and teacher more time for preparation. Thus we are able to require, 
of the student, more preparation outside the class room. 

The Department is teaching Crops, Crop Production, Soils, Soils 
Laboratory and Farm Management in the School of Agriculture. 

To more effectively teach these subjects in the College and in the 
School of Agriculture, the teaching force has been increased by em- 
ploying Mr. J. D. Marshall, a graduate of the University of Wisconsin. 
Thus the teaching staff now consists of Alvin Keyser, Professor; Mr. 
D. W. Frear, Instructor, and Mr. J. D. Marshall, Instructor. 

Mr. Frear is at present teaching the class in Farm Management 
in the School of Agriculture. The rest of his time is entirely given to 
college classes. Mr. Marshall is devoting practically his whole time 
to classes in the School of Agriculture. It is thought that this speciali- 
zation of the instructor’s time, i. e., having the instructor devote nearly 
his entire time to either the School or College will give higher teach- 
ing efficiency, and the results so far bear out this opinion. 

Since the last report the room above the chapel has been assigned 
to this Department for the School of Agriculture classes. This change 
has enabled the Department to provide materials and equipment es- 
pecially adapted for the two different classes of students, School and 
College. 

This room permits larger classes. Thus, although the registra- 
tion and number of classes is larger this year than last, we can handle 
the larger number with less friction than last year. 
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New equipment, which will increase the efficiency of the work, 
will be installed during the year in both the crops and soils labora- 
tories. : 


The total number of students taking work in the Department, at 
present, in the School and College, is 153. 


Aside from the regular teaching work on the campus, the De- 
partment has done considerable extension work. The extension work 
has consisted of articles written for ““News Notes,” farmers’ institute 
work, lectures to teachers’ institutes, preparation of courses of study 
and outlines for agricultural instruction in rural schools, and help 
furnished in judging, lecturing, etc., for boys’ and girls’ clubs. 


Mr. Frear has supplied six articles for “News Notes.” He lectured 
four weeks before teachers’ institutes. (He spent between two and 
three weeks in preparing “Outlines and Exercises for Elementary 
Agriculture for Rural Schools.” It is expected that this material 
will be used by the State Superintendent of Public Instructon in the 
rural schools of the State, and he judged the exhibits of two special 
and one general boys’ and girls’ club exhibit. 


I furnished eleven articles for “News Notes,” one of which was 
published as a thirty-two page special edition of ““News Notes.” In 
addition I attended nine farmers’ institutes, two farmers’ picnics, two 
fairs, and gave ten special short course lectures. 


About two thousand letters, furnishing information of a general 
and technical nature, have been sent out to farmers of the State. 


Mr. Payne, of the experimental staff of the Department, has 
delivered about fifteen farmers’ institute lectures. He has also ad- 
dressed a number of special farmers’ meetings and given addresses 
at fairs. He has also done almost all the department judg- 
ing and lecturing for the boys’ and girls’ meetings on the Plains. 


It has been necessary in choosing assistants to go to other in- 
stitutions for such help. I believe this policy to be one which will 
materially strengthen the Department, as it brings new ideas and new 
blood into the work. The experience gained in other schools cannot 
be used directly, because outside conditions differ from ours. But 
with the acquisition of an acquaintance with our conditions, the out- 
side experience aids in placing or weighing local values. We advance 
in teaching efficiency and power by acquiring new and more ad- 
vanced ideas rather than in a rehash of old ones. 


The varied experience and information obtained through the 
work of the Department in the Experiment Station is thus put at the 
service of the teaching force. By this means much that is new and 
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interesting concerning the Agronomy of this very varied State is 
brought to the class room. Such practice increases interest and, it 
is hoped, better equips the student for meeting the agronomic problems 
of the State when he comes in contact with them later in his post- 
school experiences. 

Respectfully submitted, 


ALVIN KEYSER, 
Professor of Agronomy. 


REPORT OF THE DEPARTMENT OF ANIMAL (HUSBANDRY. 


To the President: 

Instructional work in the Department of Animal Husbandry has 
been greatly modified during the past year. Standardization of the 
first two years of the agricultural course, with specialization, in Animal 
Husbandry during the Junior and Senior years, gave opportunity for 
the introduction of advanced work in livestock subjects.. Specialized 
courses in animal nutrition, meat work, sheep farming, beef pro- 
duction, swine growing and horse rearing have been added, bringing 
the work up to the higest plane of collegiate education in animal 
husbandry. 

Livestock, dairy, and poultry work have been consolidated in this 
department since the last annual report. ‘The teaching work was 
carried during the school year 1909-1910 by two men. Another man 
was added this year. The addition of the dairy work, and increased 
attendance in the school of agriculture, necessiating the sectioning of 
classes, has made the first semester’s work equal to that of last year; 
while the second semester’s work will average six hours a week heavier 
for each man. 

The department is this year holding weekly meetings in which 
the instructional work and other departmental work is discussed. While 
this is a new departure, the tendency of the meetings is towards a 
greater solidarity of the department and a strengthening of weak 
points in the instructional and departmental work. 

The correspondence of the department has aggregated approxi- 
mately 1,200 letters during the past year. The bulk of this cor- 
respondence has been in the nature of answers to inquiries concerning 
the handling of livestock and the sale of animals. With the addition 
of the dairy and poultry correspondence, the number of letters is 
greatly increasing. 
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Extension work has been done as follows: 

Ten articles have been furnished for “News Notes.” 

Six institutes and one farmers’ short course have been attended. 

Judging has been done at four fairs, and superintendent’s work 
done by two men at one fair. 

Senior students have been furnished for judging at two fairs. 

Station work, which is a very important part of departmental 


work, is detailed fully in the report to the Director. Two bulletins — 


have been published during the year, and material for two others 
is on hand. Respectfully submitted, 
G. EF. MORTON, 


Professor of Animal Husbandry. 


REPORT OF DEPARTMENT OF BOTANY AND FORESTRY. 


To the President : 

In both’ lines of work the schedule has been followed as outlined 
in the courses of study. In Botany each subject offered has been 
taught, while in Forestry only the work scheduled for the Junior year 
has been given. This is due in the latter case to the fact that this 
course is but two years old and that the technical subjects in Forestry 
begin with the Junior year. ' 

The increased work of instruction, entailed by the teaching of 
Forestry, made it necessary for the Botanist to have help. Mr. M. 
Pesman, one of our graduates, was engaged for the ensuing year to 
assist in teaching. As this is only a temporary arrangement and as 
there will be additional teaching to do next year in Forestry it will 
be necessary to secure an assistant with more extended experience and 
training along the lines of work taught. 


In all eleven classes have been instructed during the year, with a 


total enrollment of 92 four-year students. 

Extension Work.—The correspondence during the year has been 
. nearly double that of any preceding year, and consisted mainly of in- 
quiries concerning weed eradication, tree planting, nature study and 
the naming of plants. 


Three weeks were spent during the summer in teaching elementary — 
agriculture and nature study at district institutes for teachers. In 


addition to this an outline for nature study in the rural schools has 


been prepared for publication by the State Department of Public In- 4 


struction. 
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In thus promoting the introduction and encouragement of agricul- 
tural instruction in our rural schools I believe we are doing a much 
needed work. 2 

Farmers’ institutes were attended at Fountain and Elbert during 
the summer, 

An article for “News Notes” has been furnished monthly. 

The equipment for the work in Botany and Forestry is fairly 
good, and while improvement in some lines is desired, everything 
asked for in this connection has been supplied as needed. 

One thing which the Botanist greatly desires to be able to under- 
take in the future is the planning and establishing of a botanic garden 
on the college grounds. This could be made a most attractive feature 
of the campus, as well as a source of supply for materials in labora- 
tory teaching, which must now be sought for at a distance often at 
the expenditure of considerable time and labor. 

Respectfully submitted, 
B. O. LONGYEAR, 
' Professor of Botany and Forestry. 


REPORT OF THE DEPARTMENT OF CHEMISTRY. 


To the President: 

The work in the Department of Chemistry has been in strict con- 
formance with the prescribed work as given in the college catalogue. 

The number of students enrolled so far in text-book work is 109, 
-in laboratory work, 43. The latter number will be greatly in- 
creased during the second semester. The veterinary students are 
‘using one text-book and the regular classes another. This difference 
is made because we believe it to be to the advantage of the students 
in the respective courses. The classes this year are so large that it 
has been necessary to divide them into sections, which, of course, in- 
creases the teaching hours. This is better however, for the students 
than to have them in larger classes, especially as we find ourselves 
almost forced to follow the recitation or catechetical method of teach- 
ing in which a class of 25 is almost too large. I will state that we 
have in years past tried the demonstrative, or lecture system, but it 
proved very unsatisfactory with students accustomed only to the 
method of recitations. I am fully convinced that our present method 
is the one best adapted to our conditions. 

We have been compelled within the last few years to change 
the character of the work in the laboratory and to begin with elemen- 
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tary work in qualitative anaylsis instead of quantitative experimenta- 
tion, in general chemistry, which course we followed for a number 
of years with very good results. I mention this because the adoption 
of quantitative instead of qualitative work for the purpose of in- 
struction in general chemistry is now receiving attention from teachers 
and the writers of text-books. I adopted this method in our laboratory 
sixteen or seventeen years ago and followed it for eleven or twelve 
years, but the changes in the curricula of the various courses de- 
manded by different departments has necessiated us to adopt the most 
feasible course under the circumstances. 


The Chemical Department has no special course of its own. I 
do not believe that condunions justify us in attempting to establish one. 
The work of the departiment is consequently wholly general and sup- 
plemental to the courses established in other departments. These 
statements apply to instructional work and do not at all relate 
to research work pertaining to our Station duties which are not re- 
ferred to in this report. 


The force of the department has worked harmoniously and been 


a unit in trying to maintain a healthy spirit and a fair standard of 
work. 


The influence of the work of the chemical section of the Experi- 
ment Station upon the work of the Chemical Department of the Col- 
lege has, in my opinion, been very beneficial. The relations of the 
two are not intimate, but it is well, perhaps, better that they are not. 
The station work is close enough to the college work to make it, the 
college work, real and serves as a constant incentive to raise the 
latter. 


I regret to say that within the past few days, even since this 
report should have been in your hands, Prof. F. C. Alford, who has 
been with us for the past thirteen years, informs me that it is his — 
desire to accept another position and wishes to be relieved from 
his present duties not later than the 1oth of December. Professor 
Alford has been efficient and faithful in the discharge of his duties, 
he took one year’s leave of absence to study in an eastern institu- 
tion better to fit himself for his work. With this exception he has 
not been absent on account of sickness, or from other causes, for 
more than a very few days, less than one month, in all this time. 
His record in the class room and in the laboratory as an instructor 
and an analyst has been excellent. It is with great regret that I 
find it my duty to communicate this information to you. Through 
Professor Alford’s resolution to enter upon another position the de- 
partment and the Institution loses a faithful and efficient man who 
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always desired to advance the interests of the College and was in 
sympathy with the best interests of the students. 
Respectfully submitted, 
WM. P. HEADDEN, 


Professor of Chemistry. 


REPORT OF THE DEPARTMENT OF CIVIL AND IRRIGA- 
TION ENGINEERING. 


To the President: 

June 15th I was placed in charge of this department as Profes- 
sor of Civil and Irrigation Engineering. I was notified that my new 
position would include the instructional part of the work, and that 
for the present the experimental side would be separate and under 
the supervision of Director Gillette. 

Mr. Ralph Parshall was appointed Assistant Professor of 
Civil and Irrigation Engineering, and together we have pushed the 
work during the summer and fall. The problem which confronted 
us was a big one. True, we had a splendid new building, but there 
was nothing in it. After figuring the cost of the equipment neces- 
sary to give instruction in irrigation work and comparing this with 
the amount allowed in our budget, we found that in order to make 
any showing at all we must spend our money for material only. 
We got together, took off our coats, and went to work. The Janitor 
for this building was formerly a carpenter. Mr. Parshall and my- 
self are what might be called “handy men,” and together we fitted 
up the Cement Testing Laboratory, the Irrigation Laboratory, the 
Dark Rooms and the Class rooms. The Cement Laboratory con- 
tains an immersion tank, moist closet, bins for cement and aggre- 
gates, an instrument case, mixing tables and wall bench together 
with the necessary plumbing. As soon as our cement testing ma- 
chine can be ordered we will have, together with the apparatus al- 
ready on hand, an up-to-date laboratory for practical as well as in- 
strumentional work in this branch. 


In the Irrigation Laboratory we have so altered the large 
hydraulic tank that it is now suitable -for pipe work, pump work and 
power work under all heads up to 400 feet. The long tank in the 
floor was lined up and water proofed by plastering out on the sides; 
angle irons were set so as to allow it to be divided by steel bulk 
heads and thus give an “elastic” tank as it were. A rating car has 
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been designed and constructed and is now ready for use and we 
have now the only perfect rating station in the West. We have in- 
stalled a 15 H. P. motor which is. connected with a. long line 
shaft driving the pumps when installed. We have installed also an 
air compressor of about 80 cubic feet capacity for the purpose of 
producing the necessary pressure when working under high heads. 
This equipment puts us in a position where we can make practical 
pump tests, and as pumping for irrigation is bound to grow in im- 
portance, there will be demand for work along this line. The long 
floor tank gives us really an indoor irrigation ditch with known 
dimensions and under absolute control where the water may be al- 
lowed to run or be held stationary in a tank for measurement pur- 
poses. It gives us an opportunity to do all kinds of weir work and 
meter work which plays so important a part in the measurement of 
water. We have also resurrected and repaired a large set of scales 
and tanks for the more accurate measurement of smaller quantities 
of water. 

You will notice that all this apparatus is of sufficient size for 
practical work, and not designed for theoretical experiments only, 
and it is our intention to throw the laboratory open for extension 
work so that people over the State may come here and find facilities 
for doing experimental work with irrigation apparatus, or send the 
apparatus here and have us do the work for them. Already we have 
had two calls, one from the Metal Flume & Culvert Company, of La 
Junta, and another from the McGinnis Metal Flume Company. In 
each case we have determined the co-efficient of roughness for their 


conduits, which was not before known for this particular kind of © 


structure. 


We have a donation of two pumps; one a rotary pump which 
won first prize at the Irrigation Congress Exhibit at Pueblo, the 
other a Blazer Patent Spiral Pump from the Humphrey’s Manufac- 
uring Company of Mansfield, Ohio.’ These were both secured in 
lieu of the tests to be made and a statement of the results to be sent 
to the manufacturer. 


On the upper floors furniture has been placed in the library 
and seats in the class rooms so that we can now take care of the 
students in the department. 


The above work has kept us busy during the summer and the 
Saturdays and odd hours during the fall. 

During the summer Mr. Parshall and myself each spent two 
weeks on farmers’ institute work, speaking in fourteen places on 
subjects related to irrigation. 


At the opening of the school year we spent two weeks in the 
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» mountains on the annual “Field Camp.” This was a most success- 
ful camp, and the work done by the students the best and most ac- 
curate ever done by a “Field Camp” crowd from C. A. C. 

All the work scheduled for students in this department is now 
taught. 

Five articles for the “News Notes” have been contributed from 
this department. 

I wish to thank the members of the Board and especially the 
members of the Executive Committee and yourself for the interest 
taken in our work and the help given us. 

Respectfully submitted, 
E,. B. HOUSE, 


Professor of Civil and Irrigation Engineering. 


REPORT OF DEPARTMENT OF ENGLISH AND HISTORY. 


To the President: 

By Board action, June, 1910, the Department of History and 

Literature, Constitutional History and Irrigation Law, and English 
and Philosophy, were consolidated into the Department of English 
and History. In accordance with that change you will note that the 
work of the Winter and Spring terms of 1909-1910 shows only 
classes in the Department of English and Philosophy, while the work 
for the First Semester of 1910-1911 is the report for the new De- 
partment of English and History. 
In the department there are at present the following teachers: 
Dr. W. R. Thomas, Associate Professor of History and Law. 
Virginia H. Corbett, Associate Professor of History and Litera- 
ture. ; 

J. B. Crabbe, Instructor in English (C. S. A.) 

Zula M. Brockett, Instructor in English and Literature. 

B. F. Coen, Professor of English. 

The teaching force is the same under the new organization as 
it was under the old, and the different members of the new depart- 
ment are teaching about the same line of work as they were before. 
Owing to increased enrollment in the College and in the School of 
Agriculture, it was found necessary to secure an additional instruc- 
tor in English. — 

It should be remembered that Miss Corbett, on account of her 
work as Adviser of Women, gives only half her time to the depart- 
ment. 
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Extension and Committee Work.—During the year Doctor 
Thomas has been a member of the Catalogue Committee. As such 
member, he wrote the article on “The Mission of the Agricultural 
College.” He delivered the high school commencement addresses 
of Hotchkiss and Idaho Springs. 

Mr. Crabbe has had charge of the athletics in the School of 
Agriculture, and he has helped Coach Cassiday with the College foot- 
ball team. He has also helped in the School of Agriculture literary 
society. 

Miss Brockett’s work has been wholly class instruction. 

I have been a member, during the year, of the following com- 
mittees: 

Social Committee (Chairman. ) 

Executive Committee (Proctor for Freshman Class.) 

Registration Committee. 

Rural Education Committee. 

Co-ordination Committee (Chairman.) 

Catalogue Committee (Chairman. ) 

Student Correspondence Committee. 

About one-third of my time has heen ee up with slicer com- 
mittees. 

During the summer I went on an institute trip in the Arkansas 
Valley. I talked on “The College and The School of Agriculture.” 
At the close of the institute trip, I visited the towns of Holly, Lamar 
and Las Animas on a campaign for students. Later, I visited Love- 
land, Berthoud, Longmont, Greeley, Fort Morgan, and Sterling for 
the same purpose. I wish to state that everywhere I went people 
were interested in the College. I could not wish for more courteous 
treatment than I received on these trips. 

During the summer I also sent out letters and postals to this 
year’s graduates of the Colorado high schools. For about two 
weeks I looked after the correspondence this line of work brought 
forth. 

This fall, with the assistance of my senior class in Practical 
English, I got out a Campus Guide and Directory of the Instruc- 
tional Force of the College. 

In the main, the work done in the department has been satis- 
factory. Every effort has been put forth to increase efficiency. De- 
partmental meetings have been held every two weeks or oftener. 
The co-operation of the other departments of the College has been 
sought in an endeavor to make students more capable in — use 
of English. 

There are three things that I had hoped to do this year that 
time has not permitted. I wished as Proctor of the Freshmen class, 
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to confer monthly with every member of the class. I wished to 
have every bit of written work that came in, read and graded. I 
hoped that time might be found to go over this written work with 
the students, individually. The work will be more efficient when 
these things can be done. 
Respectfully .submitted, 
B. F. COEN, 


Professor of English and History. 


REPORT OF DEPARTMENT OF MODERN LANGUAGES. 


To the President: 

In the Department of Modern Languages, a one-year course in 
German is offered. This work requires, as a prerequisite, two years 
of German grammar. The work done here consists of prose com- 
position, conversation, with the daily reading of some standard Ger- 
man prose. The course is an alternative required in general science 
and domestic science and in electrical engineering. 

Two years of French are given. ‘The first year is necessarily 
devoted to grammar, reading and the memorizing of words and 
phrases. The second year’s work is a continuation of that of the 
first, an important addition being. the reading of technical and scien- 
tific articles from current French magazines and periodicals. The 
aim is to make the course as technical and practical as possible. The 
civil, mechanical and electrical engineering students, and the students 
in the general domestic science courses, are required to take either 
this work, or the course in German or that in Spanish. 

A one-year course is offered in Spanish. The demand for a 
second year’s work in the language is growing annually. For students 
planning work in the Southwest, or in our dependencies, Spanish is 
a practical necessity, and it might be well in the near future to make 
further provision for such students. Twenty-seven of the sixty-seven 
language students are taking Spanish. 

The department has been strengthened this year by the introduc- 
tion of a course in word analysis. This course was put in at the 
request of the Veterinary Department, and its aim is to co-operate 
with this department in that part of the veterinary work which has 
to do with the use and meaning of scientific words and phrases. 

Respectfully submitted, 
SARAH I, KETTLE, 


Professor of Modern Languages. 
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REPORT OF THE DEPARTMENT OF FARM MECHANICS. 


To the President: 


During the months of May and June nearly all my time was 
taken up by the investigation of farm machinery conditions through- 
out the State. The results of this investigation formed the basis for 
the bulletin “The Life and Care of Farm Machinery.” 


I was granted a leave of absence by the College during the 
months of July and August. These two months were devoted to as- 
sisting Prof. H. M. Bainer in the writing of the bulletin “The Life 
and Care of Farm Machinery.” Some time was also given to assist- 
ing in the construction of an experimental road upon the college 
grounds. 


The work for the bulletin on “The Life and Care of Farm Ma- 
chinery,’ and a small pamphlet telling of the success of the paraf- 
fine-lined cider cistern, which was built and tested by this depart- 
ment, is all the experimental work that has been done during the 
past year. 


The cider cistern was built by the department and tested for one 
year. It proved to be so satisfactory that it was deemed advisable 
to publish the results in pamphlet form. 


Many “News Note” articles have been furnished by the depart- 
ment during the past year. 


Scarcely any extension work in the field. has been done, except 
while I was out on investigational work for the bulletin on “The Life 
and Care of Farm Machinery.” 


The department is the recipient of a great many inquiries on 
all lines of farm machinery and farm motors. The answers to these 
inquiries, together with what correspondence is required to keep up 
our stock of loaned machinery, requires on an average about two 
hours a day the year round. 


The department has secured some new machinery during the 
past year. Among the new machines loaned the department are 
three new model six-foot binders, a new Spalding tilling machine, 
new hay loader, an up-to-date side delivery hay rake, two new beet 
cultivators and a new style concrete mixer. The department has the 
written promise of a new style J. I. Case 15 H. P., traction engine 
and a Hart-Parr gasoline traction engine. This brings the farm ma- 
chine equipment up to date. 
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A class room exhibition case has been purchased. It is now fitted 
up with model boilers, steam guages, injectors, etc., for farm motor 
work and with farm machine models and samples too numerous to 
mention. These models are all used for class room work. They are 
' valuable in that they do away with the necessity of taking the classes 
from Agricultural hall to the farm machinery building for class room 
demonstrations. This means a great saving of time in class room 
work. 

Respectfully submitted, 
H. B. BONEBRIGHT, 


Instructor in Charge. 


REPORT OF THE DEPARTMENT OF HOME ECONOMICS. 


To the President: 


I submit herewith the annual report of the Department of Home 
' Economics : 

Since the retirement of Miss Mary F. Rausch, October 22d, on a 
leave of absence, the writer has served as Acting Head of the Depart- 
ment. 

As a matter of interest a statement of comparative enrollment is 
given: 


Fall 1909. Fall rgio. 
OES GY 7) A re 2S a Ge times 25 
ier meee ee 5 ee 9 8 
{Whine See eee te & 12 
SMO a,” a a ie ee 3 6 
(SHOX ile yee a ome ES Se 18 II 
42 62 

School of Agriculture: Fall 1909. Fall 1910. 
Pirstentemm eee BS, ee VS 54 61 
SECOMGMMCH Inet SS Sr ime) 24 
64 : 85 


The student body, in so far, at least, as it is represented in the 
Home Economics Department, shows unusual maturity. Ten students 
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among those newly registered have presented credits for advanced 
standing from normal schools and colleges. 


Beyond the statement that during the last school year all courses 
scheduled in the catalogue were taught, there is little to add advant-, 
ageously. The readjustment of college courses on the semester basis 
has been accompanied by some rearrangement of the departmental in- 
struction. This has made possible a more logical presentation of work. 
Again we can now require of specials, as well as of students regularly 
registered by classes, the basic work in science. This appreciably 
strengthens class work. 

A plan which the departmental faculty hopes to carry into effect 
for the next school year is that of compiling laboratory manuals for 
the courses of that character, these to be furnished to the students at - 
cost price. At present a manual issued by he University of Chicago, 
is used with a considerable degree of satisfaction and success. The 
needs of the average student in this college, are, however, quite distinct 
from those of the average student of the University of Chicago. Such 
laboratory guides as we have in mind shall take into consideration 
this difference. If this plan is carried out, I believe it will be of very 
special benefit; first, in that we shall not put into mimeographed or 
printed form laboratory directions not most carefully planned; again, 
in that it shall give to the student at once the face value of well de- 
veloped laboraory plans. 


For the School of Agriculture classes the above plan cannot be 
so effectively used. The essential difference between the College and 
School of Agriculture courses is that in the latter the work contains 
less work of experimental nature, is in larger part the doing, accord- 
ing to direction, without being so able to go into the “why.” In the 
School of Agriculture classes we cannot assume basic preparation in 
the sciences. 


Owing to the overflow condition of the department during the 
early fall of this year, the cooking classes of the School of Agriculture 
have been given but half of the time scheduled. Six of the courses 
offered have been taught in class rooms in other buildings. After 
the Thanksgiving recess when we shall be housed in the new Hall of 
Household Arts, all work will be fully cared for. 


Assistants—Three Senior college students are each giving six 
hours a week as teaching assistants in First Year School of Agricul- 
ture classes, under the direction of an instructor. This teaching will 
continue through the winter. Miss Edna Neff, formerly in charge 
of the Domestic Science work at the State Home for Dependent 
Children, Denver, has been engaged to give temporary assistance, for 
two months, beginning October 7th. 
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Extension Work.—Aside from the work of giving instruction in 
the class room a considerable amount of time has been given to ex- 
tension work. 

During the seven weeks beginning January 17, 1910, Miss 
Rausch visited thirty-one high schools throughout the State. This 
visitation we believe to be largely responsible for the increased at- 
tendance of young women. A housekeepers’ conference extending 
throughout the week January 3-8, was conducted at the College. The 
enrollment for the week was two hundred and seven. 

During the past summer Miss Rausch taught thirty-five sessions 
in Norman Institutes, having a total enrollment of 804, and I taught 
in twenty-five sessions having a total enrollment of 355. 

It remains to express appreciation of the interest and courtesies 
extended by members and officers of the State Board of Agriculture, 
and by members of the Faculty. 

Respectfully submitted, 
INGA M. K. ALLISON, 


Acting Professor of Home Economics. 


REPORT OF THE DEPARTMENT OF HORTICULTURE. 


To the President: 

The change in the course of study of last year has lightened 
the teaching work of this department quite materially owing to the 
fact that the plant physiology and plant breeding which were previously 
taught in this department are now studies common to the agricul- 
ural group and are taught by Professor Longyear, of the Department 
of Botany and Forestry, and Professor Keyser, of the Department of 
Agronomy, respectively. Last year four students graduated from 
the horticultural course. At present we have four Seniors and five 
juniors taking horticulture. No horticulture is taught until the second 

semester of the Sophomore year which is common to all the agricul- 
tural group. The School of Agriculture has materially added to the 
teaching work of the department, as the number, one hundred and 
five students, requires this work to be divided into four sections. 

The work in this department is divided between the teaching 
work of the department, office or executive work, extension work, in- 
cluding institutes and correspondence, and the station work. The 
station work occupies the larger part of my time. It is difficult to 
estimate the exact amount of time devoted to these different branches 
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of the work as they overlap in such a way that few days are devoted 
exclusively to any one kind of work. During the year practically 
1,000 letters have been written in answer to correspondence concern- 
ing horticultural problems in this State. More than two months have 
been devoted to institute work in various parts of the State. Several 
trips have also been made in the State in the interests of the experi- 
ment station. Otcasional articles have been written for “News Notes.’ 

We believe that the course of study as adopted last spring is 
one that will make the student proficient in the particular lines that 
they take up. The only criticism or suggestion from the horticul- 
tural standpoint is that our students need more laboratory and practical 
work in horticulture to enable them to fill the many important posi- 
tions that are constantly opening up in this line. We recommend that 
sudents spend their summer vacation in practical work. This is 
particularly desirable for the last two years of the course. 


Respectfully submitted, 
E, R. BENNETT, 


Professor of Horticulture. 


REPORT OF THE LIBRARIAN. 


To the President: 


Several changes have been made in the library during the sum- 
mer which have added both to the appearance and to the comfort of 
the building. 

A stack has been placed in the south basement, and this has 
made it possible to remove all hooks from the floor and to place 
them on shelves. In the old reading room a skylight has been built 
into the roof. This saves light bills, and, what is far more important, 
eyesight. Now that this room is cheerful the students are using it 
more. It is furnished with small tables. The students do better work 
in small groups, and the question of discipline is practically eliminated 
The room back of the reference room has had its stack removed to the 
basement. It has been papered and painted. We are now using it for 
a periodical reading room, and for student exchanges. The delivery 
room has had two book cases placed elsewhere, and is lighter and 
airier. 

Documents.—Thirty-six hours have been given to the documents 
in the basement since September first. Checking the departmental 
libraries has lessened the time that ordinarily would be given to this 
work. As the regular library work must always be done, and as the 
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student public must be waited on, the document work will suffer until 
we have a special document clerk. ; 

Decoration—We have had a poster sale this fall, and from the 
proceeds have bought a picture for the periodical room. Mr. Pierce 
of the Mechanical Department is having one of the students make us 
a frame as a class exercise 

Statistics—1,171 books have been added to the library by ac- 
cession from Nov. Ist, 1909 to Noy. Ist, 1910. This does not neces- 
sarily include cataloguing. New record work moves slowly, partly on 
account of back work, partly because the demands of the counter are 
increasing, and largely because we afe a small library with a limited 
force. 

We have been open 179 nights, or five nights a week during the 
college year, and have had an attendance of 2,084 people, or 11.6 
persons each night. We have been open 219 days when students were 
here, and have lent 2,962 books. As a matter of fact, the library 
is open every day excepting Sundays and legal holidays whether the 
students are here or not. 

Our statistics mean very little. As one person, only, is on duty 
at night, it is possible for students to come and go without being 
counted. The library is used more or less by the people of the town, 
and especially by club women. This work is all reference, as is the 
bulk of the college reading. Of this it is impossible to keep a record. 

Five articles have been written for “News Notes” this year. 

Future Work-—During the coming year we hope to add material- 
ly to the agricultural publications of the various state boards of agricul- 
ture. Miss Dilts has already made a good beginning here. We wish 
to do more with the public documents of Colorado. There are many 
gaps in the long sets both in the general and departmental libraries. 
The Government has offered to give us some help in this matter after 
January ist. The library also intends to buy for these gaps, rather 
than new books the remainder of the year. 

Eventually we ought to work up little loan libraries for the farmer, 
and charge a small fee. This can be done from our agricultural dupli- 
cates. Our binder now is working on a cheap pamphlet binding. 


Respectfully submitted, 
CHARLOTTE A. BAKER, 
Librarian. 
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REPORT OF THE DEPARTMENT OF MATHEMATICS. 


To the President: 


Last winter term I taught four classes daily, comprising fifty-one 
students, twenty hours a week. . 

Miss Frink and Miss Cash each withdrew January 1, 1910. The 
former taught four classes daily through December 1909, comprising 
120 students; the latter, four classes daily, comprising 63 students. 

Last spring term I taught five classes daily, comprising 41 
students, twenty-five hours a week. 

For the present semester I have four classes; one comprising 18 
in Calculus, and three in Trigonometry and College Algebra, com- 
prising 31, 28 and 7 respectively, in all twenty hours a week. 


Miss Durward has five classes daily in the School of Agriculture, 
comprising 16 in Algebra and 37, 27 and 17 respectively in Arith- 
metic. She also has one class three times a week in the College, in 
Solid Geometry, a class of three. Miss Durward is doing twenty- 
eight hours of teaching a week. 

Miss Miriam Miller and Miss Nida Deal each have a class in 
Algebra in the School of Agriculture. These classes meet five times 
a week and comprise 18 and 28 students respectively. 

With my present schedule I find it almost impossible to assist 
in College Extension or other lines of work. During last summer 
I went with Dr. Glover on an institute trip, explaining the work of 
the College by public addresses and personal work in nine different 
localities. 

The Department of Athletics continues to demand much of my 
time. The condition this year is much improved over last, both as to 
finances and general interest. In my judgment the scheme for season 
tickets is responsible for the better condition. 


I have been working with the leaders of the student body in an 
effort to organize an association among the upper classmen which 
shall tone up our so-called student life and act as a check in many 
ways upon the differences growing out of our complex system. We 
have had two meetings to this end and another meeting appointed 
at which a committee on organization is to report. I can only say 
that the present is assuring of good fruits. 


In conjunction with Miss Durward, I am interested in the project 
of a practical course in Arithmetic for the first year of the Colorado 
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School of Agriculture. Besides getting a part of the work typewritten 
we have been able to do but little, due to the pressure of the schedule. 


Respectfully submitted, 
S. L. MACDONALD, 
Professor of Mathematics. 


REPORT OF THE DEPARTMENT OF MECHANICAL EN- 
GINEERING. 


To the President: 


The results attained in the Department of Mechanical Engineer- 
ing throughout the year have, in the main, been gratifying. The 
change from the term to the semester plan has caused some slight 
confusion, but not nearly so much as was anticipated. Some changes 
in the way of improvement have been made in the course of study, but 
the underlying principles of the course cannot be departed from to 
any great extent, except as we may, from time to time, modernize 
methods of teaching in the class room and laboratories and adopt im- 
proved text-books and apparatus. 

During the past year, we have taught in the different classes, 
shops and laboratories a total of 592 students, counting each student 
once in each class he attended. This apparently large number counts 
also the students of the School of Agriculture, who receive instruc- 
tion in the shops. 

The increase in the number of students taking shop work has 
necessitated the addition of new equipment, and nine woodworking 
benches, each with a complete set of carpenter’s tools, have been put 
in use in the wood room. 

In the forge room sixteen forges have been added. These are 
of the very latest design, and they are completely fitted out with 
tongs, hammers and other necessary tools. 

A number of class room models have been added to our equip- 
ment during the year. Some have been made in the shops, and some 
have been presented to us by generous and interested manufacturers. 
These models are of great value in showing the application of the 
principles taught in the class room. 

The principal directions along which growth is desirable are in 
the machine room and the mechanical engineering laboratory. In 
the machine room work can be done which can be carried to a certain 
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point where it has to stop for want of the necessary tools and ma- 
chinery. 

The great advance of the department must now lie along the 
lines of the mechanical engineering laboratory work, and if the de- 
partment is to live up to its name it must receive consideration for 
its engineering laboratory. 

Respectfully submitted, 
J. W. LAWRENCE, 


Professor of Mechanical Engineering. 


REPORT OF THE DEPARTMENT OF MILITARY SCIENCE 
AND TACTICS. 


To the President: 


I have the honor to report an increased attendance in the Military 
Department for the year 1910-1911, especially in the School of Agri- 
culture. The discipline has also improved and the work has shown 
a creditable gain over last year in both branches. ‘The band is mak- 
ing splendid progress and should receive all possible encouragement. 
The Department is hampered by lack of armory facilities and some 
provision must be made for indoor drill and gallery practice; three 
hundred cadets cannot be given proper instruction during inclement 
weather in the quarters alloted. The entire basement of the new part 
of the main building would only give the cadets the same floor space 
alloted to one company (fifty men) of the National Guard. I earn- 
estly recommend that all of said basement be assigned to the Cadet 
Battalion for armory and drill hall. 

I believe that the better discipline, morale, college spirit and ef- 
ficiency in my department is due to the small allowances granted to 
Cadet Assistants by the Board and to the cordial support given me 
by yourself and Faculty. 


Respectfully submitted, 
H. D. HUMPHREY, 
Captain, U. S. Army, Commandant. 
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REPORT OF DEPARTMENT OF PHYSICS AND ELECTRICAL 
ENGINEERING. 


To the President: 

All the work in college Physics for the year ending June last, 
was carried by Mr. Person, and the School of Agriculture work by 
Mr. Bonebright, Mr. Person’s work was unusually heavy. The teach- 
ing of electrical engineering was done by Mr. Bessey and myself. 
All the work of the department has been of high grade and we have 
endeavored to improve wherever possible. 

Considerable apparatus was added to the equipment for the 
electrical engineering laboratory, so that we are much better perpared 
to teach the subjects than at the beginning of the year. 

In the sad death of Mr. Bessey we have lost a very valuable 
assistant and the College an earnest, capable, and loyal teacher. 

Early in the spring the department moved into the building 
formerly occupied by the Civil and Irrigation Department. This gave 
us much needed room for office, class rooms and laboratories. Funds 
were provied for repairing the building and I spent all the summer 
vacation looking after this work and the moving of the dynamo labora- 
tory from the mechanical building to the basement of the electrical 
engineering building. We are now well settled in the new building 
and while there are many needs, still, we are comfortable. 

Last June we graduated the first class, a class of six from the 
Electrical Engineering Department. 

The showing made by the return of students this fall was especial- 
ly good. We have a Senior class of eleven, a Junior class of nine, all 
members of both classes returning; a Sophomore class of four, this 
being twice the number in the Freshman class the year before; and a 
Freshman class of four. This gives us an enrollment of twenty-eight 
in electrical engineering work. 

The work is progressing nicely. Mr. Person has as before all 
the College Physics. Miss Elwell has been added to the department to 
take the School of Agrculture Physics. The work in Electrical En- 
gineering is handled by myself and Mr. Staudt. 

The electrical supply and repair work has been going along as 
usual. Since last December we have put in underground power, 
light, and telephone cables to the Civil and Irrigation Building and 
to Guggenheim Hall; installed transformers for the Civil and Irriga- 
tion Enginering and the Mechanical Engineering Departments; we 
have done all the electrical repair work and much new work about 
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the campus. Student labor has been used entirely for this work. Such 
work is of great benefit to the electrical engineering students, both 
financially and as a source of education and experience. 
Respectfully submitted, 
FA, DE LAM 


Professor of Physics and Electrical Engineering. 


REPORT OF THE DEPARTMENT OF PHYSICAL TRAINING 


To the President: 


My work began September Ist. It has been of a supervisory 
order, two departments (a) that of the boys, (b) that of young 
women. 

The boys’ department has been under my immediate supervision. 
There have been two branches of athletics participated in thus far, 
viz., football and track. ‘Taking these up in order: Football, because 
it is the leading college sport, is given more attention than the latter. 
There have been on the average fifty men in uniform each night since 
College opened. A high degree of interest has been manifested by 
the boys. While the season has not been a success from some stand- 
points, from others it has been entirely satisfactory. The spirit has 
been good and the boys have worked faithfully, thus arguing well for 
the future of athletics along this line. In track there have been | 
on the average, ten men out each night preparing for the first an- | 
nual cross country run, which is being planned for the early part of 
December, thus making a combined number of from sixty to seventy - 
men out for athletics each night. 

We hope to hold an indoor and one outdoor inter-class track | 
meet during the year. We are also planning for basketball, both for | 
the young men and young women during the winter months. Plans | 
are also being made for baseball in the spring. It is the aim of the | 
Physical Director to get out as many men for the various classes 
of athletics as is possible, thus to meet the cry that college athletics 
is specified for the few rather than the whole student body. There- 
fore, it will be the aim of the department to have every man in Col- 
lege out for some branch of athletics during the year. 


Respectfully submitted, 
GEO. M. CASSIDY, 
Director of Physical Training. 
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To the President: 


Progress is manifest throughout the classes in the Department 
of Physical Education for Women. ‘There are one hundred and 
twenty-nine pupils taking regular gymnasium work, which is the 
largest number of students taking physical training at any one time 
during the period which I have had the supervision of this Depart- 
ment. ‘There is one division of College students and three of the 
School of Agriculture. Each division has regular class work twice 
a week, and there are teams of Volley Ball and Basketball which 
meet for regular practice at stated times during the week, outside of 
the regular class periods. 


From the standpoint of discipline, the work has been easier this 
year than at any time during the two previous years. The attendance 
in each class, so far, has been perfect, and a spirit of co-operation and 
& growing interest is noticeable throughout. Many of the students 
who have been under my direction during the entire period of my 
work in this Department have come to me voluntarily and spoken of 
the benefit and also of the pleasure they have received in the Gym- 
nasium. Some have been benefited from the standpoint of health— 
others have learned how to accomplish ordinary duties with a mini- 
mum expenditure of energy, and have come to see the real value and 
expendiency of systematic and regular physical exercise. Such senti- 
ment among the old students has undoubtedly been advantageous to 
the new students, and the seeds they have sown this year have, as it 
were, fallen “into good ground,” with the gratifying result that har- 
mony and a spirit for work is manifest from every quarter. It has 
taken, seemingly, a long time to gain this desired result. 


One new feature has been added to the Department this year, 
that of requiring each student to take a physical examination ‘This 
brings the Directress in personal contact with each girl who is re- 
quired to take Gymnasium early in the year, and acquaints her with 
the deficiencies of those composing her classes so that she is better 
able to direct the exercises that they may always be a benefit. There 
have been fewer certificates of excuse brought to me this year as one 
of the immediate results of this new feature of my work. Also, with 
this personal contact with the members of my classes, I have found 
not a few who need corrective Gymnastics, and these receive private 
instruction each week. The necessary equipment for the taking of these 
physical examinations was barrowed from the Y. M. C. A., and I 
would recommend that equipment for this part of the work be added 
to the Department for next year. 


T would suggest that, if possible, provision be made so that next 
vear the College classes be arranged in Freshman, Sophomore and 
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Junior divisions, in order to make the work more progressive and 
therefore more interesting to each class. Also that this same provision 
pe made for the first and second year students in the School of 
Agriculture. 


Since work in the Department of Physical Education is required 
of each student attending College, I would recommend that Physical 
Training be given a place in the class schedule for next year, equally 
with any other required work of the College. 

Respectfully submitted 
C. AGNES’ UPSON, 


Directress of Physical Education for Women. 


REPORT OF THE REGISTRAR. 


To the President: 


The card system of registration and recording is being developed 
and improved, and the transcribing of the former record books to 
cards is progressing as rapidly as possible, this work being done as 
opportunity presents itself in connection with the other work of the 
office. 

The record of daily attendance is kept in this office by means of 
a card system, a student’s full record of absences being listed on one 
single card, thus enabling us to ascertain at a glance whether there 
is a lack of application or not. 

A most thorough examination of the systems used in many of 
the largest and best institutions has been made during the year, and 
much valuable assistance has been received, and we shall be enabled 
to improve our own methods very materially. 


I find in al] institutions a striving for improvement in methods 
of registration and recording. Most methods seem to be too slow and 
cumbersome, and constant effort is being made to simplify. 


Respectfully submitted, 
J. W. LAWRENCE, 
Registrar. 
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REPORT OF DEPARTMENT OF VETERINARY SCIENCE. 


To the President: 


Experiment Station—A separate report has been made to the 
Director of the Experiment Station, of work done by the two Veteri- 
narians on the Station staff. 


Extension Work.—A large correspondence with farmers, stock- 
men, veterinary associations, etc. This work is attended to largely 
by the head of the department and D. B. F. Kaupp. 


We also have the honor of being collaborators on the “Ameri- 
can Veterinary Review,” and regular contributions for the “American 
Journal of Veterinary Medicine.” The head of this division is editor 
of the Veterinary Department of the “Ranch and Range,” and, con- 
tributor to farm and livestock papers and in this work is ably as- 
sisted by the four veterinarians on the staff. 


Dr. B. F. Kaupp took an active part in the deliberations of 
the Missouri Valley Veterinary Medical Association last February, 
in Omaha, and was honored by being elected President of the As- 
sociation. Dr. Kaupp and the head of this division were privileged 
to attend the annual meeting of the American Veterinary Medical As- 
sociation which convened in San Francisco last September, and the 
latter was honored by being elected its President. 


We have furnished twenty-five articles for “News Notes,” 
as follows: Dr. H. E. Kingman, 4; Dr. I E. Newsom, 4; Dr. C. L. 
Barnes, 5; Dr. B. F. Kaupp, 6; and Dr. G. H. Glover, 6. 


We have attended eighteen Farmers’ Institutes, as follows: 
Paebies. Kingman, 1.;,Dri EaBe Newsom, 2;,Dr. C: L. Barnes, .5,; 
De Be F.) Kaupp, 4; and Dr. .G.,H. Glover, 11. 


College Work.—The object of the Veterinary College is well de- 
fined by the legislature of the State of New York, “To conduct in- 
vestigations as to the nature, prevention and cure of all diseases of 
animals, including such as are communicable to man and such as 
cause epizotics among livestock; to investigate the economical ques- 
tions which will contribute to the more profitable breeding, rearing 
and utilization of animals; to produce reliable standard preparations ° 
of toxins, antitoxins, and other products to be used in the diagnosis, 
prevention and cure of diseases and in the conducting of sanitary 
work by approved modern methods; and to give instruction in the 
normal structure and function of the animal body, in the pathology, 
prevention and treatment of animal diseases, and in all matters per- 
taining to sanitary science as applied to livestock and correlatively 
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to the human family.” The motto of the Veterinary Department 
of the Colorado Agricultural College is “quality and not quantity,” 
and the object is to give a thorough scientific training to a few men 
each year, to go out from this institution as guardians of the animal 
wealth and the public health. 

Faculty.—Ejighteen members of the Faculty teach in the Veteri- 
nary Department, of whom five are veterinarians. One veterinarian 
teaches in the School of Agriculture, and another in the College of 
Agriculture, Seniors and Juniors of the agricultural course. Still 
another teaches bacteriology to students of the Domestic Science and 
Agricultural courses. The head of this department is City Food In- 
spector of Fort Collins, but receives nothing for these services. The 
entire amount paid by the city for this work goes to Dr. H. E. King- 
man, who does most of the work and from this source receives more 
than half of his salary. The U. S. Department of Agriculture re- 
quires that every class “A” Veterinary College employ five veteri- 
narians on the teaching staff, and it is fortunate that we are thus able 
to perfect an arrangement with the city of Fort Collins whereby the 
College is saved half the salary of one man and the city is enables 
to secure the services of two men at approximately half the salary of 
one. 

Clinic —When the Veterinary Department first assumed the pro- 
portions of a Veterinary College, it was argued by those who spoke 
inadvisedly, that the location of such a school in a small city was 
a mistake because a sufficient amount of clinical material could not 
be provided. All the Veterinarians on the staff have made a spe- 
cial effort in this direction, reaching out as far as one hundred miles 
for clinical material. We have worked day and night to bring in 
cases for the benefit of students and to give cases in the hospital 
the best possible care. I am pleased to report that we now have a 
clinic, in number and variety of cases equal to any veterinary college 
in the land. We have treated over a thousand cases a year. It is 
our wish now to systematize the teaching of practical medicine and 
surgery by dividing it into the distinct lines of consulting, medical, 
surgical, small anima] and ambulatory clinics, with a member of the 
staff in charge of each line of the work. 

Pathological Museum.—We appreciate the new offices given us 

.in the Civil and Irrigation Engineering Building and for the large com- 
modious room so well adapted for our pathological museum. We have 
in this museum over 500 specimens representing as many different dis- 
eases and parasites of our domestic animals. ‘These specimens are of 
inestimable value for class room and laboratory instruction. 


Pathological Laboratory —The Pathological laboratory under the 
direction of Dr. B. F. Kaupp, is gaining an enviable reputation in 
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laboratory diagnosis. Five hundred and sixty-four cases have come 
to this laboratory for diagnosis in the last year. Of these 66 were 
for rabies, 89 for bloodcount, 24 urine analysis, 116 for cutanious 
and subcutanious inoculations, 24 for cancer, 14 swamp fever and 24 
of these specimens were of human origin. There have been prepared 
40,000 doses of black leg vaccine, 11,480 doses of antisuppuration 
vaccine and 2,000 doses of strangles vaccine. 

We have reached a high degree of efficiency with a meagre ex- 
penditure of funds, and we are satisfied with the recognition given 
us in this State and throughout the land. 

We can be of far more service to the State if more provisicn is 
made whereby we can go and help the farmer and stockman when 
he is losing a large number of animals from contagious diseases. 


Respectfully submitted, 
GHO. OH GLOVER, 


Professor of Veterinary Science. 


REPORT OF THE DEPARTMENT OF ZOOLOGY ANI 
ENTOMOLOGY. 


To the President: 


Work of Instruction—Most of the teaching, both in class room 
and laboratory, has been carried on during the past year by my 
associate, Prof. S. Arthur Johnson. During the last school 
year he conducted classes in Physiology, Zoology, and first-year En- 
tomology. And delivered lectures to the Juniors and Seniors on Em- 
bryology and Evolution. 

Miss Miriam A. Palmer taught a class in drawing from nature 
during a portion of the year. 

Mr. L. C. Bragg has devoted much of his time to experiment 
station work, but has done a small amount of laboratory instruction 
for the classes in Zoology, Entomology and Embryology, and has 
had the care of the museum. 

Extension Work-—Both Professor Johnson and the writer have 
siven considerable time during the year to extension work in one 
form or another. Professor Johnson has been chairman of the Com- 
mittee on Rural Education, which has required considerable of his 
time during the school year. He has also attended a number of 
farmers’ institutes and teachers’ institutes during the summer vaca- 
ton. ‘The writer delivered forty-eight addresses to popular and tech- 
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nical audiences, aside from the regular college work of instruction, 
during the year. Most of these were to the farmers and fruit growers 
of the State. Professor Jonhison and the writer have contributed a 
number of articles for College “News Notes” during the year | 


Museum—No new material has been purchased for the museum 
during the year, but there have been a few eontributions worthy of 
mention. Mr. Dana Q. McComb has placed in the museum a loan 
collection of interesting articles from the Philippine Islands, where 
Mr. McComb has been stationed several years in educational work. 


The heirs of the late L. E. Burnett, who a few years ago acted 
as taxidermist for our museum, have placed in the College museum 
three cases containing 114 birds mounted by Mr. Burnett as a m:onu- 
ment to his memory, with the understanding that the College will 
properly care for this collection and keep it as a unit. 


During the year we have monuted and placed in the collection 
one elk calf donated by Mr. A. W. Scott of Fort Collins. 

Dr. H. J. Livingston has presented to the department a collec- 
tion of 100 histological mounts, nearly all of human tissues, which 
will be of much service in the laboratory work both in Zoology and 
human Physiology; and there have been several smaller contributions 


State Entomologist—The Entomologist of the Agricultural Col- 
lege is designated by statute as State Entomologist, and upon him 
are imposed the duties which are incident to this office. So, during 
the past year, I have had charge of the horticultural inspection work 
in the counties of the State that have appointed inspectors. The num- 
ber of these counties is twelve and the duties of this office have 
necessarily consumed much of my time. The First Annual Report 
of the State Entomologist, and Circular 1, giving information con- 
cerning the inspection, have been published during the year. 


Our Graduates —lIt is gratifying to be able to state, in closing, 
that all the graduates who have specialized in Entomology here are 
holding good positions, the call for prepared men for expert work in 
this line has been larger than we have been able to supply, and it 
has been greater during the past year than ever before. 


Respectfully submitted, 
C. P. GILLETTE. 
Professor of Entomology and Zoology. 
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REPORT OF THE SCHOOL OF AGRICULTURE. 


To the President: 


After carefully considering the needs of the State and what 
the State Agricultural College might do for the boys and girls of the 
State, who have finished the eight grade work, but do not have access 
to high schools, or who, for any reason, do not care to enter the high 
school, the State Board of Agriculture decided to establish in con- 
nection with the Agricultural College, the Colorado School of Agri- 
culture. 

During the latter part of the summer of 1909, a vigorous campaign 
of advertising, through letters, circulars, and personal visits, was 
conducted and the school was formally opened with the present Prin- 
cipal in charge, Tuesday, October 5, 1909. The Board had said that 
it would be satisfied if there should be an enrollment the first year of 
from fifty to seventy-five, but to the delight of the Board and 
Faculty the enrollment far exceeded all expectations. In this con- 
nection it may be of interest to give a comparative statement of the 
registration for the year 1909 and up to November 15th of the pre- 
ent year. 


Those entering at opening of College in 


190G 1910 
mepiemibet |... Sees ud 10 
Those registering in School of Agri- 
culture one day in advance of regular 
Qpeaitigue. o>... Sa III 108 
Registration at close of first week -_______ 158 227 
Total Registration. 
Semmes ey s) 2... = ee el 131 
Sit, | Wein Cte ae ame A I nip anes 54 
em ee =. ee 18 
Beal See iia ACF IS Ve Me IE SR SO iS a eR 10 
Total 213 
Enrollment to date this year: 
Tt Pe an. fe AS oo id ee 123 
use Wear Cle et Se es eee ee es 63 
eiisaneercdeveat, Boys fs eei tis oe 53 
Pdeanaamvcar Girls. S925 Sse kb. = es a--- 24 


Total 273 
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Your Principal considers this a remarkable record, since it took 
Nebraska School of Agriculture eleven years to secure 235, and the 
School of Agriculture of the University of Minnesota twenty-twe 
years to secure 700. Our enrollment is not so high this year, however, 
as we had hoped on account of poor crops in the State. 


Purpose of The School—In the State of Colorado there ag 
more than fifteen hundred districts in which there are no high schools. 
In these districts are found many people who are anxious for more 
training for their children than that afforded by the eighth grade. 
To these people there were, before the establishment of the School of 
Agriculture, practically no opportunities for further training than 
those offered by the high schools, and with the high school, as it 
now exists, they are not fully satisfied, because it does not give the 
kind of training they wish for their children, The high school has 
a tendency to educate away from rather than back to the farm. That 
the School of Agrculture satisfies a long felt want is shown by the 
enrollment for the first year. Forty-five of the sixty counties are rep- 
resented this year. 


Curriculum.—The curriculum has been arranged especially to train 
boys and girls for life in the open country. ‘Thus far the work, as 
outlined, has seemed to cover the needs fairly well. If your Prin- 
cipal were to consider making any special changes in the curriculum 
as it now stands, they would be to give more time than three hours 
a week to Horticulture, as this field of work in the State of Colo- 
rado is a large one. The time now given to this subject does not 
seem to be commensurate with the needs of the field. ‘The time is 
sufficient for text-book work but is not sufficient for the proper 
amount of laboratory work. ‘Then, too, the time allotted for Dairy- 
ing seems too. short. As it now stands, one-half term of ten hours 
a week is given to Dairying. This field of work in the State of 
Colorado is a very promising one, and should be cultivated. ‘The 
difficulty, however, in strengthening these two subjects in particular 
is the fact that the course is now as heavy as can be carried by the 
average student. Last year forge work and bench work were given 
ten hours a week each for one-half term. We found this to be too 
short, and this year each is given ten hours a week for one term, just 
doubling the work offered last year. ‘To the bench work this year, 
in addition to the regular exercises offered, four things have been 
added, viz., rafter cutting, sill construction, the making of a minia- 
ture door frame and window frame, casing each complete inside and 
out. The time given to other subjects last year was found to be fairly 
satisfactory but none too long. It would be a pleasure to give a lit- 
tle more time to all subjects offered, but it is not possible to do so. 
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As the work now stands, a student may be admitted into the Col- 
lege by taking, in addition to the three years’ work of the School 
of Agriculture, an additional or intermediate year of nine months. 
The work of the additional year has not yet been organized, not sim- 
ply because we have not had a sufficient demand for it, but because 
we wish our experience to help us to decide what it ought to be. At 
present there is a growing feeling in the mind of your Principal that 
the additional year should be six months instead of nine, and the 
subjects therein should be largely elective. ‘Those of the School of 
Agriculture who are looking forward to entering College have ther 
minds pretty well made up already the courses in college they will 
wish to pursue. Your Principal believes that there should be a suf- 
ficient latitude in the matter of electives to enable the student to 
make his work during the fourth year an immediate preparation for 
the course he wishes to pursue in college. If the additional yea: 


‘should be made nine months instead of six months, he still feels that 


the fourth year should be made up largely of electives. The Univer- 
sity of Nebraska has recently added a fourth year of six months to 
its School of Agriculture. 

Method of Instruction—The method of instruction followed has, 
as much as possible, been the text-book and laboratory method, rather 
than the lecture system. In some subjects it has been necessary, be- 
cause of inadequate and unsatisfactory texts, to follow the lecture 
system more or less, but this has been made the exception rather 
than the rule, and if it were possible would be eliminated entirely. The 
lecture method is for advanced students, but not for students of sec- 
ondary grade. Frequent quizzes or tests are given in all classes. 

Discipline and General Supervision—During the first part of 
last year the teachers sent in weekly reports of absences. ‘These were 
soon found to be too far apart to bring the best results. Daily re- 
ports were then asked for and were checked up at first by the Regis- 
trar’s office, but on account of other work of the office they were not 
always checked up promptly. This year the reports are sent daily 
to the Principal and are checked up by him in person. He is now 
enabled to know at once about the absences and to see after them 


promptly. Last year when they became too numerous the student 


was asked to come before the Executive Committee of the Faculty. 
This year each unexcused absence carries with it three demerits and 
zero, for a grade, and the number has been materially reduced. Last 
year what is known as the student self-governing plan was inaugu- 
tated. The students of the second year class were asked to elect six . 
members from their body, the students of the first year class the same 
number from their body. The entire student body then elected a 


presiding officer from the second year class, thus giving a majority 
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to the maturer students. This body of its own accord took up and 
tried a number of offenders and recommended to the Principal what 
punishment they thought should be administered. A number of of- 
fences. were dealt with that could not have been easily reached by 
the Principal. It should be understood that the control of the School 
is not in the hands of this governing board, but they simply help the 
Principal in dealing with anything that casts discredit on the School. 
The plan had its advantages and disadvantages. This year we are 
trying to overcome some of the disadvantages of the plan. On the 
whole it was a very satisfactory beginning. If, at any time, an of- 
fense should be too serious to be handled by this governing board 
and the Principal, it will be presented before the Executive Committee 


of the Faculty. Respectfully submitted, 


T. M. NETHERTON, 


Principal. 


REPORT OF THE DIRECTOR OF THE EXPERIMENT 
STATION. 


To the President: 


1 have the honor to present the report of the Agricu‘tural Ex- 
periment Station for the year just closing. 

The financial statement and inventory of the Station will be found 
embodied in the financial report of the Secretary of the State Board 
of Agriculture. 

This report has to do with three administrations. Prof. L. 
G. Carpenter was Director until June 1; you were Acting Director 
during the month of June, and the writer entered upon the duties of 
the office July rst. 

Organization—The Station is organized for work under sec- 
tional heads as follows: 


AGING tuts tigyaee acts eee ec «i William P. Headden. 
lignicanonmmnoineenring, === 3 = )= 0) ee E. B. House, Acting. 
el CHCMIOL OC Vip eh uke eee hie W. G. Sackett. 
PyotecwineeGIne «<u ee se J. O. Williams. 
ano MMOL cay pee Ob eae ce ens C. P. Gillette. 
Hiorticultdre 2-2 - So ESBS EE ROTA Ee E. R. Bennett. 
BEG CN TOI mmr nere ee ce Line ne era Le a pte a a Alvin Keyser. 
Mima leekusbandry;, 2222 als el ene G. E. Morton. 
MWerenimatiy 0 Cen Ces ee is eee Geo. H. Glover. 


SOE AEN guerre 2 eee B. O. Longyear. 
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Associated with the Agronomist is Mr. P. K. Blinn, as Alfalfa 
Specialist; associated with the Horticulturist is Mr. C. L. Fitch, 
Potato Specialist; and associated with the Animal Husbandman is 
Mr. W. E. Vaplon, Poultry Specialist. Then, upon the Western 
Slope we have two field men in horticulture, Mr. George P. Weldon, 
devoting his entire time to the study of insect problems, and Mr. R. 
S. Herrick, giving his time to the study of plant diseases and orchard 
management. On the plains, in the dry farming section, we have 
Mr. J. E. Payne, as a field man, studying dry farming methods, and 
Mr. J. W. Adams, in charge of the dry farming station at Cheyenne 
Wells. 

Mention should also be made of labors performed by men detailed 
from the U. S. Department of Agriculture, at Washington. Early 
in July co-operative work in dairying was taken up with the Bureau 
of Animal Industry. Since that time Mr. R. R. Welch, Special field 
agent of the Bureau, has had his office with the Experiment Station 
and has been spending his time almost entirely in the field doing what 
he could to instruct the farmers in better methods of feeding and car- 
ing for their stock and handling their dairy products, and the best 
methods to pursue in building up better and more profitable dairy 
herds. Mr. Welch’s only expense to the Station has been for office 
and office supplies. 

The Office of Public Roads, of the Department of Agriculture, 
also co-operated very generously with the Experiment Station the 
past summer by sending one of its good roads experts, Mr. J. H. 
Dodge, with an engineer, Mr. W. R. Crecelius, to direct the construc- 
tion of a piece of experimental road with money made available for 
that purpose by one of the State appropriations passed by the Six- 
teenth General Assembly. 

The object in putting in this piece of road, which lies partly 
upon the College grounds and partly upon Laurel Street, adjacent 
to the College campus, was to demonstrate what could be done in 
the making of a first-class road with surfacing materials that are close 
at hand. A bulletin is in preparation giving full information as to 
manner of construction, cost, and material used in the building of 
this road. I believe the State Board of Agriculture should express to 
the Bureau of Animal Industry, and to the Office of Public Roads, 
their appreciation of the important services they have rendered the’ 
Experiment Station through their co-operation in our work. 

Of the above Station workers, most of the heads of sections de- 
vote some time in instructional work in the Agricultural College, and 
a few have so much teaching there is very little time left for their 
experiment station projects. The specialists and field men devote their 
entire time to experiment station and-extension work. The fact is that 
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a large part of the work of the field that has gone under the name of ex- 
periment station work is really extension or demonstration work and 
probably will be so classified in the future and placed in charge of 
the Superintendent of extension work. 


Our Funds and How They May Be Spent—The Experiment Sta- 
tion funds are from two sources, the general Government and the 
State, but they really are in three classes. . 


The Adams Fund—Which gave us $13,000 the past year, but 
which has now reached the annual allowance of $15,000 a year, is 
very much restricted in its application and can only be used for sci- 
entific investigations of a rather high order. ‘The ordinary “experi- 
ments,” sa-called, of the field, the orchard, or the feed yard, cannot 
be carried on under this fund, nor can any office expenses or expenses 
of publishing the results of experiments be charged to it. This fund 
calls for high priced men of ability in technical lines of work, and 
quick results can seldom be expected. 


The Hatch Fund is a little more elastic and may be used for de- 
finite and well planned investigations which have for their object 
the discovery of new facts, or the testing of old laws under new or 
untried conditions and it can also be used for office expenses and the 
publication of bulletins that are the result of experiments under either 
the Adams or Hatch Funds, or any other fund the work under which 


is of Adams or Hatch grade. This fund also contributes $15,000 a 
year for our work. 


_ State Special Appropriations—The appropriations made by the 
‘Sixteenth General Assembly for the support of experiment station 
work during the biennial period just closing, were as follows: 


feomictitiical linvestications: 0214... . 7 Rainey een $ 10,000 
Potato Investigation ____ 


Re lie. eae rae 10,000 
memiianeindustry . oS 2 ye ra 10,000 
Co-opetative: Horse Experiment o.. 7) ieee 5,000 
Podueyenmvesti@ations, 220. a. 2. enemies ny ea 5,000 
(erciitenend Grasses) 2 Pas ee 8 (et a 5,000 
Meteo Viachineny and, JR oad so cx ke 1 eae ee ge 5,000 
Cheyenne Wells Stations Saye eee | 0 2 as ee i) 2,000 


These funds have been expended in the lines of work for which 
they were appropriated and the results of the work have been, or are 
about to be sent out to the farmers in the form of bulletins and cir- 
culars or in the College ‘““News Notes.’’ Summaries of the different 
lines of investigation will be found in the reports here presented by 
the men who carried on the work, 
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The different lines of experimental work-that have been carried 
on during the past year on all funds will be found in the reports of 
the different sections that follow. 


Future Needs——Colorado is young as an agricultural State. Her 
agricultural lands in the main are very fertile but the conditions of 
soil, climate and moisture are hardly the same for any two counties 
in the State. We are growing crops in all altitudes between 3,400 
feet in the valleys of the Arkansas andthe Platte, and 7,000 to 9,000 
feet in the mountainous districts. The annual precipitation in the dif- 
ferent agricultural sections ranges between about 7 inches and 18 
inches. In the. eastern portion where the precipitation is greatest, it 
is possible, under the most thorough farming methods, to grow cer- 
tain crops with a degree of success, while other crops which grow 
luxuriantly in irrigated sections cannot be grown there at all. In the 
same county may be found, in some sections, flourishing peach orch- 
ards and the eternal snows upon the mountain peaks. And then we 
have an area nearly equal to all the New England states with New 
York thrown in. When we add to all this the specialized condition 
of our agriculture, one locality noted for its alfalfa and sheep, another 
for its sugar beets, another for potatoes, another for grain, and an- 
other for its peaches and its apples and still another for its pasture 
and meadow lands and its fine live stock, it can readily be seen that 
the agricultural problems to be solved for the benefit of the farming 
classes are many and important and extremely varied. There is also 
a class'of problems associated with the application of water to land for 
the purpose of growing crops that the eastern farmer knows nothing 
about. If there is any state where liberal appropriations are needed 
for experimental work for the benefit of the farmer, I am sure Colo- 
rado should be placed in that class. 


Publications —The bulletins and circulars published by the Ex- 
periment Station during the past year are as follows: 


Regular Bulletins. 


No. Title Edition. Pages. 
153 Agricultural Products Shipped into Colo- 

COMER TOOO ii came ork LS 20,000 24 
154 Alfalfa Studies—Third Progress Report --. 18,000 12 
155 The Fixation of Nitrogen in Some Colorado 

0 EAS Se Saeco SRN eS 5,000 48 
156 Butter Making—Clean Milk and Commercial 

SS SVE ELS) eg SS AE te 20,00 16 
157 Arsenical Poisoning of Fruit Trees ___-_--- 5,000 56 
158 A Bacterial Disease of Alfalfa 2 ._{.--+-- 5,000 32 


159 A New Alfalfa Disease—Stem Blight ------ 20,000 16 
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TOOS Nitrates win: the Soll. sees Swe Sele 20,000 8 
161 Cement and Concrete Fence Posts ~------- 20,000 20 
TO CRMIN CDC Gam Sete en ea ee ee ee eee 20,000 8 
ee tan batter Making. lanes ule. eee 20,000: 16 
ROWmuotlinne Raising: oat eke ee eee _— 20,000 16 
165 Ration Experiments with Swine ---------- 20,000 24. 
166 Information Concerning the Colorado Car- 

tage Horse Breeding Station -.-------= 2 5,000 12 
167 Life and Care of Farm Machinery in Colo- 

ROTC ORES Hue ake el del ee Sa os es ee 20,000 20 
168 Deterioration of Farmyard Manures —~---~- 20,000 24 
169 Some Insects Attacking the Peach _____---_- 15,000 20 
170 Thinning Winesap Apples—Winter and Frost 

Pajonyeto donuit Drees 9 oo 2) 15,000 20 
imesh periyol Growin i. S453. ae 10,000 20 
T7o2uGurdenn vy esetaplesy a> {| 2 se 20,000 20 
ews @Orchandia ses 9 a eS) ae 10,000 8 
i7AeAdobearm buildings: 2 on! 2-5. eee 10,000 8 
IP CeOlOrado: Ee OtatOes 12s oo. tes 2 ee 20,000 80 
176 Production and Degeneration of Potatoes __ 10,000 16 


These 24 regular bulletins would make a volume of 540 pages 
and the total pages published is 7,786,000. 


Press Bulletins. 


No. Title Edition. Pages. 
50 Hints to Plains Settlers—The Home Garden_ 5,000 2 
51 Hints to Plains Settlers—Sod Crops ~------- 5,000 2 
52 Hints to Plains Settlers—The Cow as an As- 

Rietamiqee: = 22 eae 2 
53 Hints to Plains Settlers—Windmill Irrigation. 5,000 2 
54 Parafine-lined Vinegar Cistern _-__________ 10,000 I 

A total of 60,000 pages. 

Correspondence Circulars. 

No. Title Edition. Pages. 
i INTL GIS 3 St eee ge eRe 5,000 16 
8 Growing Potatoes in Colorado _______-__-___ 5,000 24 
9g Growing Broom Corn in Colorado ______-____ 5,000 16 


A total of 280,000 pages. 


A grand total of 8,126,000 pages of printed matter published by 
the station duiing the fiscal year just closing. 


Following are the reports from the various sections of the Ex+ 
periment Station in which you will find brief summaries of the work 
that has been in progress during the year. 
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A careful reading of these reports will show that the Station 
force has been working upon problems of great importance to the 
_ various agricultural interests of the State. ‘There are many others of 

as great importance that we should like to take up but are prevented 
from doing so from lack of funds to support the work. 
Respectfully submitted, 
CrP GIRLET TE, 


Director. 


REPORT OF AGRONOMY SECTION. 


To the Director: 


I transmit herewith my report of the Agronomy Section of the 
Experiment Station. 

The following projects have been carried on under the Hatch 
fund: 

Correlation of different Plant Characters with Intrinsic Values or 
Qualities. 

Alfalfa Investigation—The Correlation project was maintained 
by funds from the State Agronomy Appropriation. Hatch funds were 
used only to assist in paying a portion of the salary of the head of 
_ the Section. 

This project is one which should run for a considerable period 
in order to eliminate, so far as possible, season differences. The 
work of the year, while largely preliminary, indicates possible lines of 
development. ‘There is, for example, a seeming relation between cer- 
tain habits of leaf growth in oats and barley and the adaptability of 
these crops to high altitudes. 

The alfalfa investigation has, so far, been entirely supported 
by Hatch funds. Up to the present this project has been entirely 
‘the work of Mr. Blinn and has been carried on at Rocky Fora. 
Alfalfa is the foundation crop in Colorado agriculture and deserves 
even more attention than it has received in the past. We need fo 
know more definitely how seed may be produced successfully and 
profitably ; just what strains are adapted for different regions; what 
cultural methods give the greatest success; its effect on the soil when 
on the land for short and long periods; how the yield may be in- 

creased by usuable means; and many other things concerning the 
exact place of the crop in the different sections of the State. 
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The following projects are being carried on under State funds 
(The Agronomy Appropriation) : 

Project 1. Name, Wheat Improvement. 

Project 2. Name, Feed Crop Improvement. 

Project 3. Name, Rotation in Colorado. 

Project 4. Name, Methods of Selection Breeding. 

Project 5. Name, Farm Management. 

Project 6. Name, Field Pea. 

Project 7. Name, High Altitude Crops. 

Project 8. Name, Preparation of New Land. 

Project 9, Name, Correlation of Characters in Grain. (Partly 
supported by Hatch Fund.) 


Project 10. Name, Plains Crops and Management. 


Progress of Projects—Project 1, Wheat Improvement—In this 
work three lines are being followed; Ist, prospective new strains are 
being introduced and thoroughly tried out; 2d, selection breeding is 
being carried on in the effort to improve the best adapted existing 
sorts; 3d, crosses are being made in the effort to combine desirable 
qualities of different strains. Special effort is being put forth to 
produce a high yielding wheat of good quality which will mature 
very much earlier than any of our present sorts. Progress has been 
made toward this end. There are now in our Wheat Breeding Nur- 


sery sorts which will ripen very much quicker than Turkey Red, our 
earliest winter wheat. 


Project 2, Feed Crop Improvement.—Progrtess. 


Project 3, Rotation in Colorado——An investigation concerning 
the rotations best adapted for the various sections of the State, the 
effect of such rotations upon the soils and production. Rotations 
are carried on on farms. In addition information is gathered on the 
working of operative rotations. It would be possible to put out in- 
formation at the present time. 

Project 4, Methods in Selection Breeding—Methods of Handling 
the selections in the various crops and regions of the State. Progress. 

Project 5, Farm Management.—An investigation into the present 
systems of farm management in the State, and into methods of im- 
provement. 

Project 6, Field Pea—Progress. 


Project 7, High Altitude Crops—kExperiments and tests in the 
endeavor to find or produce profitable crops for our high altitudes, 
and to determine what crops are best adapted to the various regions, 
also what constitutes adaptability. Progress, and a Progess Bulletin 
now ready. 
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Project 8, Preparation of New Land.—E-xperiments, tests and in- 
formation in methods of preparing and handling the different types 
of new lands in the different regions of the State. Considerable in- 
formation is now on hand. 


Project 9, Correlation of Characters in Grain .—Progress. Will 
require several years’ data. 

All projects are new. 

During the past year the following publications were issued by 
the Department: 

Press Bulletin 49, “Treatment of Seed Grain to Prevent Smut.” 

News Notes No. 135, “Growing Sugar Beets.” 

Correspondence Circular No. 7, “Milo.” 

Correspondence Circular No. 9, “Growing Broom Corn in Colo- 
rado.” 

Ready for publication: 

High Altitude Crops—Progress Report. 

Alfalfa in Colorado—Progress Bulletin. 


Two classes of work are being carried by the Section. The first 
class aims to gather information, by experiment and otherwise, con- 
cerning the best crops and methods of handling the same, and put 
this information in the hands of the people as soon as possible, in 
order that it may be of immediate use and help in the farming opera- 
tions of the State. Such work is of necessity, largely general and in- 
formational. But it is of large immediate value, and assists in rais- 
ing the general level of our agriculture. 


The second class of work which we are doing attempts the more 
exact and protracted investigation and study necessary for the solu- 
tion of specific agronomic problems. ‘This often means the continua- 
tion of a piece of work through a period of several years in order to 
eliminate unknown or uncontrollable factors. Except for the factor 
of time, these two classes of work are not necessarily antagonistic. 
Many of the specific projects, if successful, will point the way to a 
better agriculture. If negative results are obtained they will be equal- 
ly valuable in showing what not to do. 

The Plains projects were merged during the summer into one 
general project. This work has been quite productive. Mr. J. E. 
Payne, the Plains Field man, has prepared six reports, results of 
specific work done, which will be offered for publication. 

Respectfully submitted, 
ALVIN KEYSER, 


Agronomist. 
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REPORT OF ALFALFA SPECIALIST. 


To Alvin Keyser, Agronomist : 
I herewith submit my annual report on the alfalfa breeding 
project in progress under my control. So far, this work has been — 
supported by Hatch funds. There have been no new projects during — 
the past year, and as my last annual report was published as a Prog- 
ress Bulletin, that has covered the material really available for pub- — 
lication at the present time. 
The past year’s efforts have been directed along two lines of the © 
alfalfa seed problem; First, observation, records and selections of © 
seed from the alfalfa nursery have been made for the purpose of com-— 
bining and improving the desirable traits that have been revealed. — 
Second, observations and investigations have been carried on to find 
the factors that influence the setting of alfalfa seed, to determine the — 
best methods for producing commercial quantities of seed. 
Under the first line there are two important observations that ~ 
have been made; first, that there seems to be a direct relation be- ~ 
tween the stooling habits of an alfalfa plant and its tendency to winter — 
kill, The type of plant with the deep crowning habit that.sends out 
root stalks beneath the surface of the soil, with the bud areas pro- 
tected with earth, characterizes the non-winter killing strains, while | 
the plant that has a small stool that throws out its shoots almost up- 
right at, or very near the surface, has its bud areas exposed and is ~ 
therefore easily winter killed. ‘ 
These two types of plants are found to some extent in nearly all” 
the common alfalfa, while the Arabian and non-hardy strains are of 
the latter described type. It does not follow that endurance to low 
winter temperatures is entirely due to the stooling habits, for there are 
other factors that may enter. But for Colorado conditions it seems” 
very evident from the tests we have made that freedom from win 
killing can be secured by selecting the proper stooling type of plaz 
The second observation referred to was the marked disease 
sistant or frost resistant tendency of the Baltic alfalfa which was 
vealed by its freedom from the bacterial disease that Seriously inj 
all the other varities that were growing under the same conditio 
in every particular. Professor Sackett, who has been investigating 
disease, reports that it seems to be associated with frost injuries, 
he also reports the Baltic variety as showing the resistant trait in 
test that he has made at Gypsum, Colorado. The contrast in the 
made at Rocky Ford this .spring was very marked It 
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curred under field conditions in a five acre field sown in rows to 
test cultural methods for seed production. The field was seeded in 1909 
to ten varieties, the seed being selected from the most promising plants 
in the 1907 nursery of sixty-four strains. The whole field was irrigated 
in the fall, and the space between the rows thoroughly cultivated in the 
_ spring, each variety receiving the same treatment in every respect. 
The field seemed to be very uniform until after a few sharp frosts the 
latter part of April, when the field began turning a light yellowish 
_ green, except a strip of fourteen rows through the center of the field, 
that was distinctly marked by dark green, normal colored foliage. On 
investigation it was found to be the rows that were sown to Baltic. 
The plants in these rows were nearly free from the bacterial disease, 
and the contrast became more marked each day as these rows con- 
tinued to grow, while the balance of the field stopped growth for 
_ nearly ten days. 


One half of each variety was cut for a hay test, about June Ist. 
The remainder of the field was allowed to go to seed. The advantage of 
the resistant trait of the Baltic variety is shown by the yield of hay 
per acre from the ten varieties computed on the yield of dry hay from 
an equal area cut from each variety, as follows: 


Plat 1 Variety Developed from one plant found 


on Railroad Right-of-way. Yield per acre -_--- 4,126 pounds 
Sates Purkeystan, Yield tenmeere 22. 2250 3,930 pounds 
Bea uteh Alfalfa, Yielimmermicre 7. -.=. =. 3,920 pounds 
Plat 4 Dry Land Nebraska, Yield Per Acre _------ 4,120 pounds 
mlat 5 Argentine Alfalfa, Yield Per Acre .---_--- 3,920 pounds 
Meklat 6 Baltic Alfalfa, Yield Per Acre_______._-_- 5,'702 pounds 
Plat 7 Sand Lucern, Wash., Yield Per Acre -----.- 4,126 pounds 
Seat o bern Alfalfa, Yield Per Acre ..-.._..--- 3,603 pounds 
iat 2G Arizona Alfalfa, Yield Per Acre ..----=-- 3,870 pounds 
ePlat to Ecnador Alfalfa, Yield Per Acre ~___~--- 3,732 pounds 


The contrast in growth of the second crop was not so pronounced, 

It was not cut for hay but left to go to seed. The Baltic was one of 

the best in point of leafy character and fine stems. The Baltic variety 
blooms almost a week earlier than most of the plats, and it also 

gives evidence of superior seed yielding traits, the results of which 

cannot be given at this time. 

A new alfalfa breeding nursery comprising nearly eight miles 
of nursery row thinned to single plants, has been established the past 
‘season. The nursery is largely composed of individual plant selec- 
tions from the Baltic and other very promising strains and varieties. 
Careful observations and records have been kept on any contrasts 
‘that have appeared, for future breeding investigations. One interest- 


- 
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ing point was shown in the selections from the Baltic strain, of a de- 
cidedly less injury from the mildew that affected the leaves of nearly 
all the plats. 

The Baltic alfalfa originated as a strain in South Dakota. A” 
field over ten years old was discovered by Professor W. A. Wheeler 
near a little place called Baltic. ‘The strain seemed to possess many — 
desirable traits. ‘This strain has gone out from the South Dakota — 
Experiment Station as Number 167. The seed we have had come 
through the Department of Agriculture, and originally came from the 
Highmore Sub-Station, South Dakota. | 

There is hardly a doubt but that the Baltic strain originated from — 
seed of the Grimm alfalfa, as the two strains are so near alike in many 
ways, but there is no direct way to trace its identity. 

The cultural methods for seed production have not yielded the 
results hoped for on account of various adverse influences, namely, 
the test was made on new seeding. It was evident the field was over 
watered in the fall. While it had no other irrigation the field grew 
too rank a growth of hay for satisfactory yields of seed, as can be~ 
seen from the heavy yields of hay already reported. ‘The bacterial 
disease and grasshoppers also modified results. The seed from the 
first crop on one-half of the field, and the second growth’ on the 
other half, is in the stack. An estimate is hardly worth while to re- 
port, but a bushel to a bushel and a half might be a close guess for 
the average. 

The investigation has emphasized several points of great value, 

1. That the cultivation of alfalfa in rows can conserve the moisture ~ 
of one irrigation of the fall before to produce two heavy crops of 
hay, on soil of the character upon which the test was made. i 

2. That alfalfa in rows with irrigation furrows smoothed out — 
can be irrigated with a minimum amount of water that is impossible 
where the alfalfa is sown broadcast and the field is flooded. 

3. That the moisture control is one of the principal points in 
successful alfalfa seed production. 4 

4. That alfalfa in rows will not lodge so bad as broadcast stands. 

5. That weeds and grasshoppers can better be controlled by 
cultivation where the alfalfa is in rows, allowing intertillage. 

6. That different varieties of alfalfa have different seed yield-— 
ing traits. : 

There are many questions in relation to alfalfa seed setting that 
need solution, that will require more time and equipment to deter- 
mine. 


Respectfully submitted, 


P. K. BLINN, 
Alfalfa Specialist. 
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To Alvin Keyser, Agronomist : 

The following is a report of the work at this station, for the 
season of 1910. The work has been carried on with a view to de- 
monstrating general farming, combined with dairying and poultry 
raising. In connection with this there has been experimental work. 

Because the land had not been properly treated during the prev- 
ious season, it was impossible to follow strictly dry-farming methods 
for the present season’s crop. ‘This applies especially to the spring 
grain. x 

Orchard and Other Trees—vThe orchard and shade trees have 
been pruned, thinned and cultivated so as to improve the health and 
general appearance very materially. On account of the freezes and 
hail the fruit crop practically failed. We had a few cherries (1”% 
gal.), a few gooseberries, and about a‘ bushel of apples (Winesap, Mis- 
souri Pippin and Geniton varieties. There are some indications of 
blight in the orchard, but I think the difficulty lies mainly in a lack 
of moisture because the trees are too close together, and on account 
of insufficient pruning and cultivation in the past. The station should 
be provided with apparatus for spraying as the leaf rollers and kindred 
insects damaged the trees last spring. I have not seen any evidence 
of the codling moth in the apples produced. 

Garden.—One acre of choice land was set aside for a family 
garden. In this we planted the following vegetables; potatoes, peas, 
beets, carrots, beans, onions (sets), radishes, turnips, lettuce, peanuts, 
tomatoes, cabbage, cantaloupes, water melons, cucumbers and pre- 
serve melons. From this garden we have raised all the vegetables 
used during the summer by the family and the hired help. In ad- 
dition to this we sold from it $16.12 worth of vegetables. 

Practically everything planted in the garden was a success except 
the water melons; they were destroyed by hail on the 15th of August. 
There were 1,500 melons on % acre at that time and they would have 
ripened in a short time. 

Experimental Plats, Stock Beets——One acre was planted to stock 
beets. ‘They came up nicely but were destroyed by hail on May 15th 
just as they were coming out of the ground. They were replanted 
twice, but failed to get a start owing to drouth. On July 7th I planted 
all but 1% acre to Kafir using furrow opener attachment to corn planter. 
In spite of the long drouth this came up and made a good crop, clearly 
showing the value of the furrow-opener in dry seasons. The remain- 
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ing %4 acre of beets made 400 pounds (estimated) of beets, or 1.600 
pounds per acre. 


Potatoes—Besides the potatoes planted in the garden and used 
during the summer, we planted one acre for the station, with the fol 
lowing results: 4 

Ohios, per acre, 1,304 Ibs., Peach Blows, per acre, 1,460 Ibs., Pearis/ 
per acre, 1,716 Ibs., Rose Seedling. per acre, 1,760 Ibs., Irish Cobblers, 
per acre, 1,440. a 

The potatoes were of very good quality. Considering the very 
dry season and the fact that the ground had no previous preparation 
(last season) I think that the results are encouraging. In addition 
to the above, I raised at the station 2 acres of potatoes for Professor 
Fitch. He will make the report on those. 


Small Grain —Seven acres were devoted to variety tests of sp ing 
grain. Four varieties of spring wheat planted as follows; % acre 
of Durum wheat, % acre of Bluestem; % acre Velvet chaff: 4 3 
Fife. 1-10 acre of each of these was harvested with a cradle ane 
an attempt made to thrash by hand to determime the yield. But it 
found that mice had destroyed so much of some plats that a compara= 
tive yield could not be made im this way. It was thought we could 
get at a fair estimate only by observation . The values as estimated 
were from 4 to 7 bushels, in the following order: Durum, Vel 
Chaff, Blue Stem, Fife. 


Oots——Three varieties of oats were sown, as follows: Khe 
Swedish Select, and Sixty Day oats. The same method of determi 
the yield was followed as in the case of wheat, and some difficu 
were encountered. The Kherson and Sixty Day oats seemed to 
identical. The Swedish Select came later and showed a better ¥ 
this season. 

Estimated yield Kherson and Sixty Day oats, 10 bushels per acre 
Swedish Select, 15 bushels per acre. 3 


Barley—Piats of common barley and Bald barley were = m 
The common barley made good considering the season. The af 
variety was a failure. Our experience this vear has shown @ 
is not practical to sow grains on plats without a small thrashing c 
chine to thrash them with when they have been cut 

Steck Melons—One acre was planted to stock meleas. F 
this were gathered nine loads. They were fed to milk cows. 
though the cows seemed to relish them very much we are Ts 
detect any increase in the flow of milk due te their use 


Corn—Twelve acres were planted to eight varieties of com. r. 
drouth in the early part of the season was almost too — 
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but the late rains brought it back so that we had an estimated yield 
of 6 to 12 bushels. Most of this was cut with a corn harvester and 
will be fed to the cows without husking. 


Non-Saccharine Sorghwms.—For variety test we planted 1-3 
acres each of the following: 


VARIETY Fodder Yield Grain Vield 


Per Acre Per Acre 
Texas Seeded Ribbon Cane -------- 2,000 Qual. good forere) 
rown Knowliang ~.-.-222222-_-__ 1,800 Qual. poor 585 
Bees Diurta a... {ee 1,200 Qual. poor 339 
Oo SRN 1s eT 1,800 Qual. fairly good 745 
eden. Dutra’... oeeeee 900 Qual. poor 481 
Black-hulled White Kafir ____-___-- 2,400 Qual. good 000 
mrwart Milo Kafir _._--23ee 2,400 Qual. good 670 
Prandard: Milo. — i422) eee Be 1,500 Qual. poor 627 


The figures for fodder are in pounds (estimated.) These plats 
were thrashed by hand and the grain weighed. 


Broom Corn.—Four varieties were planted in 1-3 acre plats. Ow- 
ing to the drouth it was cut for feed, making about 3,000 pounds per 
acre fairly good fodder. This would have produced some good brush 
but it was believed to be more valuable as feed. 


Beans.—Besides the beans planted in the garden, we planted % 
acre of cow-peas and Mexican beans in the field. |The cow-peas 
made 5 bushels per acre. The Mexican beans were damaged by the 
hail and drouth more than the cow-peas, but made 3 bushels per 
acre. 


Millet—Four acres were sown to hog millet. It did not come up 
good; it made about 14 ton per acre. 

Summer Fallow.—About 4 acres were summer-fallowed and two 
acres of this were sown to Kharkof winter wheat. The wheat is look- 
ing fine now. About 4 acres were sown on ground that raised crop 
this season. Its appearance is not nearly so promising. 


Sod Crops—During the spring and summer thirty-two acres 
of new land were broken out and about twenty acres of this were 
planted in Kafir and Milo. Two plantings were made. The earlier 
produced a good crop of fodder and a fair yield of grain; it has 
not been thrashed. I estimate that it will yield 2,000 pounds of fodder 
and 500 pounds of grain per acre. The late planting did not produce 
grain but made about 1,200 pounds per acre of first-class fodder. 

The Dairy—On March 1st we had 18 head of cattle, as fol- 


lows: 
15 head of cows and heifers. 
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2 calves. 
1 grade Red Polled bull. 


The cows were selected from a rough herd. We-began keeping 
a record of feed and cash receipts. Four of these cows were giving 
milk of March ist. Eight more were fresh during the summer. On 
June 1st I began keeping individual records by use of scales and Bab- 
cock test. In October I sold five of the less promising ones. It is 


my plan to purchase as soon as possible at least one good Holstein — 


cow and a Holstein bull. In this way we hope to breed up a dairy 
herd from native cows, and at the same time demonstrate the value 
of the dairy bred cow as compared to the common cow. 


A brief statement of the results of my records follows: (An 
itemized statement and individual records of cows will be furnished 1f 
desired. ) 


Cost of feed for entire herd for 8 mo. beginning Mar. 1_-___ $137.00 
Cao secoveds tor butter fat, _._a2_.1 1s Saeee 283.56 
Gashiwecetved for 10 head calves... 3 eee 90.00 

Total $373.56 

Balance $236.56 


Estimated receipts based upon records of scale and Babcock 
HesismrOn as MMOs anor» | iute: Tet eT eae eee res eee $183.87 
Actual cash receipts for butter fat for the same period ~----- 181.54 


Discrepancy between actual receipts and theoretical amount $2.33 — 


We brought to the station 60 hens and 4 roosters valued atz_--$ 30.00 j 
Poultry. F 
Cost of feed and new stock for the 8 months __________----_- 57.60 
Cashireceiptstor eves and chicks 2-____- |. ae $ 97.91 
Poultry on hand—8o hens and 4 roosters valued _-. 40.00 
Total $137.91 $87.60 
Balance Credit $80.31 


Repairs and Improvements.—Besides repairing and painting the q 


barn and dwelling house and repairing and rebuilding fences, we 
have built as follows: 


I dairy barn 26x60 inside measure—walls of adobe, roof of corrugat: | - 
ed iron. 


1 poultry house 13x20 inside measure—walls of adobe and roof of © 


boards (with tar paper and adobe.) 
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I smoke house and store room, 14x14 inside measure. Walls and 
roof same as poultry house. 
Details of these buildings will be given in bulletin on adobe build- 


ing. 

Items of expense not otherwise accounted for: 
Speyer (1 eee tnd <5 CR meets eed eye See tare $30.00 
marer F'iigilepe\: 2 eae ee 30.00 
eeersc Peed so: 5. 2) eee 8 ek 189.47 


Wapor 7222 se0 0... ee i ee SPiN ene 316.37 


Total $565.84 


The settlers of this section of the State are vitally interested in 
the following lines of work; farm dairying; poultry raising; wheat 
farming; potato raising; family gardening and the growing of fruit 
and shade trees. Therefore the station should give all the aid possible 
particularly along these lines. 

Respectfully submitted, 
J. W. ADAMS, 


Superintendent Cheyenne Wells Sub-Station. 


REPORT OF ANIMAL HUSBANDRY SECTION. 


To the Director: 


The following projects were carried on during the past year under 
State Funds: 

1. Ration Experiment with Swine. A continuation of our in- 
vestigations concerning the value of tankage in swine rations, in- 
volving a test of fertilizer tankage for feeding purposes. This year’s ° 
work ends for the present our work with tankage. 

2. Ration Experiment with Lambs. A continuation of our work 
comparing the feeding of alfalfa hay in self-feeders, with feeding 
_ upon the ground; comparing cut or chopped hay with whole hay; 
and comparing California Feed barley with corn. This ends our tests 
of the self-feeder for hay. The work with cut hay will be continued 
during the coming year, and will be enlarged to include a test of 
granulated hay. California Feed barley will be tested again, and 
compared with a two-rowed brewing barley. 

i‘ 3; Ration experiments with Steers. A test of California Feed 
barley in comparison with corn, and in comparison with a mixed 
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ration. Part of this work will be duplicated the coming year, and 
a test of granulated alfalfa made. 5 

4. Beef Production in Colorado. A new project begun during 
the past year, aiming to ariive at the cost of producing an 1,100 
pound steer fit for market as a long yearling. Cows were bought 
in the spring and calved on enclosed range. The calves are now being 
winter fed. This must be continued another year in order to com- 
plete it, possibly two years. 

Two bulletins have been issued during the year, numbers 151 
and 165 upon “Ration Experiments with Lambs” and “Ration Ex- 
periments with Swine.” 

Inquiries are constantly coming to the office concerning the best 
rations to use for the various classes of livestock. The work we have 
done gives us considerable definite information upon various rations, 
and the work should be continued along these lines. 

The poultry work has been sondaed ees during the 
year, and the report of the poultryman follows. 


Respectfully submitted, 
G., Ke" MORTON, 


Animal Husbandman. 


REPORT OF ~POULTRY SPECIALIST. 


To G. E. Morton, Animal Husbandman: 


We odelieved at the beginning of the past year that we might 
be able to carry out certain projects, such as determining cost of egg 
and flesh production, etc., but on account of absence from home much 
of the time, these projects were discontinued. 

As it seems more necessary to carry on extension and other out- 
side work than to undertake such projects as mentioned, we are plan- 
ning an egg-laying contest which should bring a model poultry plant 
or school into a number of localities in Colorado and show the farmers 
and poultrymen in these communities the advisability of keeping pure- 
bred poultry in order to secure the best results and best market 
prices. 

One hundred visitors a month are coming to the Poultry Depart- 
ment, a large percentage of whom are seeking information of some 
character. Some borrow models of our poultry houses in order to 


build like them; many have sick fowls; some are in doubt as to which © 


breed of fowls to handle; and we are getting an average of fifty let- 


a 


ee ee 


: 
: 
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ters a month form all parts of Colorado and other sections of our 
country asking for information. 

7 We have recently completed a building 96 feet long; part of it 
16x18 feet and two stories, to be used as a feed house and office room, 
the rest of the building, 80x12, consists of ten pens for ten different 
varieties of poultry for the benefit of our students and visitors 
who wish to become familiar with the most popular varieties of fowls. 
In addition we have a work shop and ten colony houses of five different 
types. Most of these are 8x14 feet in size and are of such patterns 
as to meet the different needs and demands of different conditions 
and surroundings. This enables prospective builders to get specifica- 
tions, cost of material, advantages and disadvantages of different types, 
etc. 

We believe the farrher who is raising some poultry should double 
his output rather than that others should jump into the business with- 
out proper preparation, and to keep this policy in operation we are 
endeavoring to show him the necessity of keeping the kind of stock 
the market wants, and the necessity of housing and caring for such 
stock in a manner to produce satisfactory results. 

With our present equipment of buildings, incubators and stock, 
if we are to continue extension work as in the past, we feel the need 
of help to carry on the work in our absence. We find it necessary 
to neglect much office work, which, should be carefully looked after, 
because of outside work, and are unable to carry on experimental work 
which our poultrymen are asking for and which would benefit the 
industry if followed up. 

Respectfully submitted, 
W. E. VAPLON, 


Poultryman. 


REPORT OF THE FIELD HORTICULTURIST. 


To E. R. Bennett, Horticulturist : 
The following is the annual report covering the work in State 
Fruit Investigations from November, 1909, to November, 1910. 


The following approved projects have been worked upon: 
1. Shade Crops for Old Apple Orchards. 

2. The Season of Bloom of Fruit Trees. 

3. ‘The Control of the Brown or Pustular Spot of the Peach. 
4. The Thinning of Jonathan and Winesap Apples. 
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5. The Cold Storage of Jonathan Apples. 
6. The Growing of Raspberries in Colorado. 


Shade Crops for Old Apple Orchards.—For this purpose a nine- 
acne orchard near Delta, owned by Mr. Wm. Duling, was secured and 
eight different legumes sowed, leaving one acre for a check which 
was clean cultivated. The following legumes were used: field peas, 
cow peas, crimson clover, winter vetch, red clover, alfalfa, mammoth 
red clover, and sweet clover. ‘These were all sowed near the tenth 
of April, 1910. 


The conclusions for the season’s work, so far as tests of varieties 
are concerned, in brief, are: tst—Field peas make a very good growth, 
if sowed very early, and thus can be reseeded in July by disking in, 
but for an old bearing orchard, especially where the middles are pretty 
well shaded, this second crop does not always grow well; 2d—Cow_ 
peas were planted twice, the second seeding being done in the latter 
part of July. Neither planting did well as the seed failed to germinate, 
due very likely to the cold ground caused by the shade of the trees; 
3d—The clovers, winter vetch and alfalfa are at this time the most 
promising for shading the ground and making a good mat to be turned 
under later on for green manuring. Of these the winter vetch has 
the greatest mat and would be the best for a green manure, if plowed 
under at the present time. 


In connection with the foregoing project a cover crop experiment 
was started in the Excelsior peach orchard at Paonia, Mr. Frank Van- 
Deren, Manager. In this orchard, on July 23d, was sown the follow- 
ing: red clover, crimson clover, fall rye and field peas. Of these the 
fall rye at the present time appears to be the best for a winter cover 
crop. The clovers made very little growth and the field peas were 
but from four to seven inches high and were badly mildewed. It 
would seem from this that with but one irrigation after the seed was 
pianted that July 23d was too late for the sowing of field peas in a 
bearing peach orchard. ’ 


The Season of Bloom of Fruit Trees.—At first the object of this 
project was to determine what varieties of apples bloomed near enough 
together to insure cross pollination. When it was found that the 
season of bloom for the summer and winter varieties, respectively. 
bloomed so near together, it was thoughit best to see what varieties of 
the important winter ones were self-fertile and also those which were 
self-sterile. For this purpose about 900 bags were placed on un- 
opened bloom clusters. The freeze on the night of May 16th put an 
end to this part of the experiment. A record of the number of days that 
the calyx remained opened was kept for each variety. ‘he minimum 
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number of days, which was about seven, gives plenty of time for the 
first codling moth spraying. 


The Control of the Brown or Pustular Spot of the Peach—This 
trouble was first noticed at Eckert, during the summer of 1908, and 
during the season of 1909 did a great deal of damage in that locality. 
A block of peach trees in Mr. A. L. Renolids’ orchard, at Eckert, was 
secured for spraying to find out what kind of spray to use and when 
best to apply for the control of the trouble. Two applications of Rex 
lime-sulfur, Bordeaux and home-made. lime-sulfur were made, but 
the May freeze killed every peach in the orchard, so that no conclu- 
sions could be made except the effect of the one summer spray (May 
25th) on the leaves, which was as follows: With one-half strength 
Bordeaux (2-5-50) there were some shot holing, perhaps more than 
from the use of Rex, but not enough to do any particular damage. 
The Rex lime-sulfur, 1 to 50 with 6 pounds of lime added, did some 
leaf buring but the injury was not severe. ‘The self-boiled lime- 
sulfur (10-8-50) did no injury to the leaves whatsoever, and if it 
proves to have the same fungicidal value as Bordeaux, will no doubt 
be used in its place. 


On August roth six trees were sprayed in the Henry Teachout 
peach orchard at Eckert. In this orchard there was a fair crop and 
not many diseased peaches. The same fungicides were used as in 
the Reynolds’ orchard. The following conclusions were noted. 1st— 
August 10th this year was the earliest date that peach spot was 
noticed at Eckert. z2d—That August 19th is too late to spray for its 
control. 3d—The summer being very dry the trouble did not gain 
much headway. 4th—That excessive moisture caused either from over 
irrigation or rains tends to favor the trouble and especially is this true 
when the trees are close together, thus affording plenty of shade. 5th— 
The softer the peach the more liable it is to attack. 


The Thinning of Jonathan and Winesap Apples—The object of 
this project was to determine whether, from a money standpoint, thin- 
ning of heavily loaded fruit trees will pay, and if a systematic thinning 
each year will have something to do to prevent the “off year,” es- 
pecially of the Jonathan. The result of this work has been published 
in bulletin 170. 


The Cold Storage of Jonathan Apples—As a rule the Jonathan 
apple does not keep in cold storage so well as it is thoughtit might, 
and for this reason an experiment is now being carried on in the 
Colorado Ice and Cold Storage plant in Denver. The object of the 
work was to determine if the delayed picking and packing or the de- 
layed storage had anything to do: with their keeping qualities. 
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The Growing of Raspberries in Colorado—The information se- 
cured on this project is being published as bulletin 171. 


Incidental Observations Other Than Experimental Projects.— 
Some time was spent in observations along the line of Arsenical 
Poisoning of Fruit Trees and injuries done by nitrates in the soil. 
These are being worked on by Dr. Headden and Professor Sackett. 


Winter Injury.—Notes on this work have just been published 
in bulletin 170. 


Orchard Heating..—With good systematic work orchard heaters 
can be used to good advantage. This was demonstrated on the night 
of April 15th, when with oil and coal heaters the temperature was 
raised 6 to 8 degrees, and this was with an outside temperature of 
about 21 degrees. On this date apple fruit buds were out of danger 
with a temperature of 29 degrees. 


Demonstration Work in Orchard Management.—Demonstrations 
in pruning, grafting, etc., were given whenever the occasion called 
for it. About twelve days, not including the time it took for travel, 
- were spent at Palisade helping Mr. G. P. Weldon with his codling 
moth and other insect spraying experiments. 


About a month was spent at the college last winter doing teach- 


ing work for Professor Bennett while he was away on institute work. ~ 


During the year the following articles have been written for Col- 
lege “News Notes;” The Time for Pruning Peach Trees When In- 


jured by Winter Freezing; Treatment for Winter Injury of Young 


Apple Trees; Low Headed Trees in the Orchard. 

The following projects will be worked upon during the coming 
year, viz: §, Shade Crops for Old Apple Orchards; 2, The Season 
of Bloom of Fruit Trees; 3, The Control of the Brown or Pustular 


Spot of the Peach; 4, The Thinning of the Jonathan Apple; 5, Cher-’ 


ries in Colorado. | 
Respectfully submitted, 
R. S$; HERRICK, 
Field Horticulturist. 


Ee 
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HORSE BREEDING INVESTIGATION. 


To the Director: 


I beg to submit the following brief report of the carriage horse 
breeding experiment as conducted by the Experiment Station in co- 
operation with the U. S. Department of Agriculture: 


Stud Record Summary—tThere are in the stud at the present 
time seventy-five animals, consisting of the following: 

1 aged stallion. 

1 four-year-old stallion. 

1 three-year-old stallion. 

3 two-year-old stallions. 

20 aged mares in service. 
6 four-year-old mares in service. 
5 three-year-old mares in service. 
1 four-year-old gelding. 
6 two-year-old fillies. 
7 yearling colts. 
7 yearling colts. 
6 yearling fillies. 
2 male foals. 
6 female foals. 


2 


75 Total number in stud. 


There have been no additions made to the brood mare ranks 
during the present season except those developed at the station. One 
two-year-old stallion, Red Cedar, was pruchased during the season 
for use in mating with the Carmon fillies. The retention of this stal- 
lion in the stud depends upon his development as an individual, and 
his ability to nick well with the Carmon blood. 


One valuable mare, Wyoming, died on September 10, 1910, the 
immediate cause of death being pulmonary gangrene. This mare was 
a very valuable brood mare and her loss is regretted. 


Sale of Surplus Animals—The Board of Survey, in its annual 
report dated August 19, 1910, recommends that the following animals 
be disposed of at public auction as their retention for breeding pur- 
poises is undesirable. 

1 four-year-old bay Gelding, Alva. 

1 two-year-old black mare, Carnation. 

1 two-year-old bay mare, Cora. 
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1 two-year-old bay mare, Columbia. 
I yearling bay cold, Dandy Jim. 

1 yearling bay colt, Denver. 

1 yearling bay filly, Dolly Wilkes. 

I yearling bay filly, Dorothy. 


All the above-named animals are the property of the station, 
with the exception of ithe two-year-old mare, Carnation, which is the 
property of the Deparment of Agriculture. I recommend that these 
animals be sold at the earliest convenient date. 


The progress made during the past season is very satisfactory. 
Out of eighteen foals being raised, twelve are male foals and six are 
fillies. ‘The type is uniform with very few possible exceptions. Es- 
pecially good results have been attained on the first cross of Carmon 
on the “King,” “Red Cloud” and “Chester Dare” blood—these mares 
being of American Saddle breeding. The result of this mating has 
increased the size ordinarily found in the Kentucky saddle horse, yet 
retaining the quality for which the breed is renowned. The develop- 
ment of these foals will be watched with great interest. 


The difficult problem facing the experiment at the present time is 
obtaining a satisfactory stallion to follow Carmon at the head of the 
stud. Carmon will be retained, but it is very important to secure a 
stallion of the proper type and breeding to follow on Carmon’s prog- 
eny. ‘The Expert-in-Charge has spent considerable time during the 
past two months endeavoring to locate such a stallion, also some 
satisfactory standard-bred mares for use in the stud. Some mares 
have been located and it is quite likely some additions to the stud 
will be made in the near future. It is very important that no addi- 
tions be made unless the animals purchased are superior individuals of 
pure breeding along known lines. In an important experiment of this 
kind it is better to have a few specimens of known value rather than 
an ynlimited number of indiscriminately bred animals. 


the result of the mating of Carmon mares to the Government 
Morgan stallion, General Gates, at Middlebury, Vermont, has resulted 
in the production of very superior foals. ‘This blood should be of ex- 
treme value in the development of the ultimate type of carriage horse. 
' Summary.—The Board of Survey in its annual report to the Sec- 
retary of Agriculture reported that “the stud was found in excellent 
condition, and that the standard, judged by the improvement in the 


young stock and the appearance of the foals this year, is steadily being 
raised.” ; | 

‘The standard of excellence at the Horse Breeding Station is being 
maintaind by a strict process of selection. ‘The station is carefully 
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inspected each year and inferior animals are eliminated. ‘This re- 
sults in raising the standard of the animals at the station. The var- 
ious producing families are carefully observed, and those mares which 
consistently produce inferior progeny are discarded along with their 
progeny. ‘This process of strict selection will utimiately result in 
the retention ony of those families which consistently produce in- 
dividuals of uniformly superior merit, adhering to a definite type. 


Respectfully submitted, 
J.O2 WIRLIAMS, 


Expert-in-Charge. 


REPORT OF BACTERIOLOGIST. 


To the Director: 


I have the honor to submit herewith the annual report of the Bac- 
teriological Section of the Experiment Station for the year 10910. 


Under the provisions of the, Adams Fund, four lines of investiga- 

§ tion have been pursued during the year which is about to close. Two 

of these were carried over from last year, one of which has been com- 
pleted, and two new studies have been begun. 


Project 1, Bacterial Disease of Alfalfa—The results of this in- 
vestigation have shown the stem blight of alfalfa to be due to a germ, 
to which the writer has given the name, Pseudomonas medicaginis, n. 
Asp. The causal organism, presumably, lives in the soil, and enters the 
| plants with soil, through stems which are cracked and split by late spring 
freezing. ‘The disease is so serious in some localities as to cause the 
loss of 85 per cent of the first cutting. It was especially serious in the 
Bvicinity of Rocky Ford last spring, and was also reported as occurring 
lin Eagle, Garfield, Mesa, Delta, Denver, Morgan and Larimer Coun- 
laties. As a means of control, we have recommendéd that the diseased 
Malfalfa be clipped as soon as the danger from late spring frosts is 

past, thereby ridding the plants of the blighted portions, and affording 
‘hn opportunity for the early growth of a new cutting. Where this 
has been practiced, the results have been entirely satisfactory, and the 
Honnage has been considerably greater than that from areas which 
vere not clipped. Our variety test work which we have been carrying 
thn at Gypsum, for the purpose of obtaining disease resistant varieties, 
as been transferred to Rocky Ford. This has seemed desirable be- 
ause of the difficulty we have experienced in getting the services of a 
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competent person to look after the field plats. Professor Blinn has 
very kindly consented to include this work with similar studies which 
he is carrying on. Through the courtesy of Mr. J. M. Westgate, of 
the United States Department of Agriculture, we have secured four- 
teen new strains of hardy alfalfa, which have been planted at Rocky 
Ford. No entirely disease resistant varieties have been obtained up 
to the present time. 

With the exception of the field work mentioned above, this pro-— 
ject has been completed, and the results of the whole invesigation have © 
been published in bulletin 158, “A Bacterial Disease of Alfalfa,” April, { 
toro. A popular edition of Bulletin 158 has been issued as Bulletin — 
159, “Stem Blight, A New Disease of Alfalfa.” E 


Project 2, Bacteriological Studies of Alkali Soils—This line of — 
investigation, as originally outlined, was intended to include the dif- 
ferent functional activities of soil bacteria as related to agricultural — 
practices, and as possibly modified and influenced by our peculiar 
climatic and alkaline soil conditions. ‘Thus far, our work has been 
confined to a study of the nitrogen fixing flora of certain soils which 
Dr. Headden has shown to contain excessive nitrates, it being our pur-_ 
pose to establish, if possible, some definite relation between the high 
nitrates and the nitrogen fixing bacteria, whereby we should be able. 
to explain the presence of the nitrates. During the past year we have 
examined forty samples of soil of widely separated sections of the ~ 
State, where the nitrates have been so abundant as to cause serious” 
loss to the agricultural interests. Thirty-nine of these samples have 
possessed very marked nitrogen fixing properties, and pure cultures 
of Azotobacter, the nitrogen fixing micro-organism, have been isolated 
readily. 


We have established with a reasonable degree of certainty the re- 
lation between the characteristic brown color of the soil which fresj 
quently accompanies the nitre trouble, described by Dr. Headden as 
“brown spots,” or “black alkali,’ and the presence of Azotobacter. We : 
have produced the color experimentally on sand where it seems to. 
be due to the brow@ pigment incident to the growth of certain nitrogen 
fixing species which are very abundant in some of the soils in question. 

Technical studies have been carried on along the following lines: 
the germicidal action of metalic copper as a possible remedy for the 
trouble; the influence of different combinations of carbon as found in 
manite, filter paper, cotton, etc., upon nitrogen fixation by pure cul- 
tures; the relation of aeration, chemicat reaction, quantity of carbohy- 
drate, substratum, etc., to the amount of nitrogen fixed. 


Experiments are now in progress to determine the relation of the 
different soil constituents, peculiar to our soils, to nitrogen fixation. 
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We hope by this means to throw some light upon the apparently ex- 
treme and unprecedented activity of the Azotobacter, whereby we shall 
be able to explain more satisfactorily the high nitrates. We are also 
endeavoring to produce these high nitrates im sitw in sterilized soil, 
which has been inoculated with infected soil; if by simulating field 
conditions thus, we are able to demonstrate the accumulation of large 
quantities of nitrogen, there should be no longer any question as to 
the part which Azotobacter plays in the high nitrogen content of cer- 
tain Colorado soils. 


Project 3, Holdover Blight im the Pear, Apple, etc—A new line 
of investigation has been called for in regard to what is known as 
“holdover” blight in the pear, apple, quince and apricot. This has 
come about through a difference of opinion among fruit growers, as 
to whether the germs of blight can live through the winter in the 
diseased limbs and twigs and be active in the spring to renew 
the blight. Our studies for the past spring showed 41 per cent. of the 
diseased twigs to contain living germs on March 1, 1910. Observa- 
tions should be made for at least two more seasons to confirm these 
findings. 


Project 4, Raspberry Yellows.—For several years past the rasp- 
berry growers in the vicinity of Loveland, Colorado, have complained 
that the canes were small, brittle, discolored, and that the young shoots 
in the spring showed a tendency to turn yellow and shrivel. 


A number of factors seem to be responsible for this condition of 
the raspberries, among which may be mentioned winter injury, spring 
freezing, methods of covering, and the presence of the fungus, Sphae- 
rella rubina. The fungus attack has been prevented entirely the past 
season by the use of Bordeaux mixture ,and several different methods 
of protecting the canes during the coming winter have been carried 
out on the experimental berries at Loveland. The question is such a 
complicated one that it will probably require at least two seasons more 
before we shall be in a position to suggest remedial measures. 

A popular bulletin along lines of Dairy Bacteriology has been 
prepared and published as No. 156, entitled “Butter Making, Clean 
Milk and Commercial Starters.” 

Respectfully submitted, 
WALTER G. SACKETT, 


Bacteriologist. 
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REPORT OF BOTANIST. 


To the Director : 
During the year just ending the following projects have been 
under investigation : 


Adams Fund.—Black Root of Strawberry.—This rather indefinite 
trouble is characterized by the blackening and ultimate decay bf the 
roots of plants during the second season after setting a plantation. 
It usually starts at the season when new growth is beginning in spring 
and affected plants may put forth leaves and blossoms only to wilt 
and die later on. The trouble appears to be closely associated with 
winter injury and unfavorable soil conditions. Attempts have been 
made during the past growing season to determine the possible pre- 
sence of parasitic fungi as one of the causes of this trouble. Plants 
have been grown in sterilized soil and in soil from fields where the 
trouble existed but thus far no positive results pointing to any parasi- 
tic organism as the cause have been secured. ‘The arrival of some 
special glassware for growing the plants under sterile conditions will 
enable me to further investigate this phase of the subject. No publ 
cations on this subject have been issued. 


Fh = 


Special Fund.—Five years ago last spring forty-eight lots of 
Black Locust and Hardy Catalpa trees were sent out for co- operative 
planting in different parts of the state. During the past season two 
weeks were spent in trips of inspection of these plantations. Upon 
receipt of further data from some of these parties it is my intention 
to submit a report covering this experiment. This is expected to be 
done by the expiration of the present year. On the whole this kind 
of co-operative experimenting has proven unsatisfactory, due largely to. 
frequent changes in ownership of the land planted to these trees and. 
the failure of those in charge to follow the instructions of this depart= 
ment. A few plantations, emeret offer much encouragement in thi 
way in which they have been handled and in the growth the trees 


have made. ae 


This experiment was originally planned to extend over a period 
of ten years. 


Some further experiments in the control of the dandelion pest in 
lawns were carried on during the past season, ‘This work was not taken 
up under the head of a project. It was learned that a solution of com- 
mercial iron sulphate of 15 per cent. strength is as effective as a 20 
per cent. solution. One and a quarter*pounds of iron sulphate dis- 
solved in each gallon of water gives approximately such a solution. 
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In the past season spraying was begun in April. The results were not 
so successful as those of last season when the first application was 
made in late summer. The varied results secured during the past sea- 
son indicate that the conditions for success are not at all uniform and 
that careful study and experimenting is necessary to reveal the most 
favorable time and conditions for this work. 


Respectfully submitted, 
B. O. LONGYEAR, 


Botanist. 


REPORT OF fake CHEMICAL SECTION. 


To the Director: 


The Chemical Section has no project on either the Hatch or State 
funds at the present time. On the Adams fund we have the following 
projects: 

First—The relation of the waters of the San Luis Valley, especial- 
ly those of the Rio Grande, to the alkali question. 

Second—The relation, if any, of the alkali in our soils to the 
arsenical poisoning of fruit trees. 


Third—The occurrence and formation of nitrates in our alkaline 
soils. This subject includes the effects of nitrates on fruit and in- 
cidentally other trees, also its effect on general crops—the sugar .beet 
in particular. 


Fourth—A study of Colorado fodders. 


_ he status of the work on these projects is as follows: The first 
project is well advanced, much field work has been done and all of 
the analytical work consequent thereto has been completed. So far as 
_ I can now see there is a small amount of field work which can ad- 
_vantageously be done before this project may be considered as com- 
pleted. 

‘The second project is practically completed and already reported 
on in Bulletins 131 and 157. There are some experiments which were 
started during the progress of the work the results of which could not 
be made available at the time that Bulletin 157 was written. The work 
this project is already completed, with the exception of a few de- 
yed results and observations, as I have indicated. I do not wish to 
port this project wholly completed, as constant observation in the 
hards and unfinished experiments may open up new questions in 
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this connection. ‘The expense of keeping this project as an open one is 
nominal. 


The third project, the nitre problem, is at the present time re-_ 
ceiving our undivided attention. All of our energies are concentrated — 
upon the study of the occurrence of these salts, their formation and 
their effect upon sugar beets. Their effects upon fruit and shade trees — 
are so evident that the question is practically closed by the death of 
the trees which ensues within a few weeks, or at longest within a few 
months after the concentration of the nitrates becomes sufficient to 
produce visible effects. The progress of this difficulty during the past 
season in some portions of the State has been very marked, and I may 
say disastrous. The study of this subject has already resulted in the 
publication of Bulletins 155 and 160—the former in February and the 
latter in May of this year. 


The fourth project, the study of Colorado fodders, is at present 
held in abeyance because the nitre problem seems to be not only a 
very interesting scientific problem, but of the very greatest, if not vital 
importance to several sections of the State. Cattle will continue to 
feed and fatten on our fodders grown under the system of irrigation 
practiced in our mountain parks just as they have done in the past - 
whether the cause for the excellent results be discovered or not. It 
will not matter very much from a practical standpoint whether our 
criteria for judging ithe value of fodders be greatly improved or not, — 
but not so with the nitre question. If I am correct in my views that 4 
this is one of the principal causes for ‘the anomalous agricultural re- 
sults already observed by very many of our people, it is of vital import-_ 
ance to the State, as well as of the highest interest, that this problem 
should be solved quickly. The questions pertaining to our fodders are 
exceedingly interesting, but they involve no element of danger as yet 
discovered. 3 


These statements are made to indicate clearly that I have not 
postponed the study of the fodders because I have come to believe 
such study to be of too little scientific or practical value to justify 
its prosecution, but simply that I have discontinued it because the nitre 
problem is, perhaps, of even greater scientific, and is certainly of very 
much greater immediate and practical importance. 


Nothing has been published on the subject of Colorado fodders 
during the year just ending, but several bulletins, viz., 39, 93, 124, 125 
and 135 have appeared during former years. Most of this work was 
done before the Adams fund was created. This project is, however, a 
continuation of the project extended to our fodders grown under the 
system of mountain irrigation, a study of which, as a condition of prime | 
importance, is necessarily involved. 
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The first three projects enumerated have been the outgrowth of 
a more general study begun almost immediately upon my assuming 
the duties of Chemist in charge of this Section of the Experiment Sta- 
tion. At that time this question was considered of great importance, 
and I gathered many samples of alkali in various parts of the State 
and studied some of our alkali soils both in the laboratory and in the 
field, growing four successive crops on a soil very high in alkali and 
without drainage. 

The conclusion of that study was summed up in the sentence 
“That the alkali question in Colorado is one of drainage.” I still think 
that this is wholly true of all the features of the problem as they 
then presented themselves and of the same features at the present time. 
I have not at any time presented a discussion of the general question 
of alkalies in Colorado, because I believe that the question is under- 
stood by the public at large, and yet there are a few phases of it which 
might justify a little further study and a presentation of the facts 
gathered. 

Bulletins published by this Section during the year are, No. 155, 
“The Fixation of Nitrogen in Some Colorado Soils ;’ No. 157, “Arseni- 
cal Poisoning of Fruit Trees;’’ No. 160, “Nitrates in the Soil, An Ex- 
planation of So-Called Black Alkali or Brown Spots;” and a manu- 
script presented by Mr. Douglass on the Deterioration of Farmyard 
Manures under Colorado Conditions. 

The following persons have been engaged in Adams work as as- 
sistants during the whole or a part of the year; Prof. F. C. Alford; 
Mr. Earl Douglass throughout the year; Mr. C. E. Vail and Mr. 
J. C. Summers a part of the year. Professor Alford was engaged on 
Adams work for a short time during the summer vacation. Mr. Vail 
has duties in connection with the College during a portion of the school 
year, depending upon the schedule, approximately for one-half of the 
year. Mr. Summers entered upon his duties about June 15, 1910, and 
is engaged exclusively on station work. Mr. Douglass has been with 
us for the past ten years. 

My college duties are almost wholly confined to the executive af- 
fairs of the Chemical Department and I do but very little teaching. 

Before closing this report I wish to gratefully mention the interest 
shown in my work by the Holly and American Beet Sugar Companies 
operating in the Arkansas Valley, and their willingness to help me 
both in the field and laboratory. My acknowledgements are especially 
due to the officers of the American Beet Sugar Company from whom 
I have received, both in the agricultural and operating departments, 
many courtesies and material aid. 

Respectfully submitted, 
WM. P. HEADDEN, Chemist. 
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REPORT OF ENTOMOLOGICAL SECTION. 


To the Director: 

I am presenting herewith my annual report of the Entomological 
Section of the Experiment Station for the year IgIo. 

The projects carried on in this section during the past year have 
been upon the Adams and the Hatch funds chiefly as given below. 


ADAMS FUND PROJECT. 


Plant Louse Investigations —Is the only project I have had, the 
expenses of which have been paid from the Adams fund. In our 
studies of these lice we have gathered a large number of records as 
to food-plants, dates of spring and fall migrations, dates of the hatch- 
ing of the eggs in the spring, dates of the appearance of the sexual 
forms, and the like. We have also worked out the alternate hosts or 
food-habits of some species not before recorded. Mr. L. C. Bragg has 
proven beyond a doubt that the fall migrants of Pemphigus betae go 
to cottonwood trees where the sexual forms are deposited upon the 
bark of the trunks 

Both Mr. Bragg and the writer have made numerous observations 
upon the migratory habits of Aphis cornifoliae Fitch, which leaves 
the dogwood, Svida (Cornus) stolenifera riparia, in the spring and 
takes up its abode chiefly upon the sunflower (Helianthus) leaves, 
and then sends return migrants from the sunflowers to dogwood again 
in the fall. It also seems most certain that A. helianthi Monell, and A. 
gillettei Cowen are both synonymous with cornifoliae Fitch. 

Many descriptions of new species have been made in manuscript, 
as well as numerous descriptions of sexual and other forms of des- 
cribed species, and nearly all that have been described have been care- 
fully drawn in color from living specimens for future reference by 
Miss M. A. Palmer. 

Several technical papers giving the results of this work have 
been published in the “Journal of Economic Entomology.” 

I believe the work should be actively continued for another year 
at least, looking to the publication of a comparatively complete list of 
Colorado Aphididae with their food plants and migratory habits so far 
as we have been able to determine them. 


HATCH PROJECTS. 


Codling Moth Experiments——TYo determine more certainly the 
number of broods of this insect in the principal fruit sections of the 
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State, records have been collected through the season in Mesa County 
by Mr. George P. Weldon. 

Experimental spraying has been carried on to get additional data 
upon the comparative importance of the different periods of spray- 
ing throughout the season, and upon the comparative values of the dif- 
ferent strengths of spray materials, and also to determine the value 
of sulfide of arsenic in comparison with lead arsenate for the control 
of the codling moth. Some of this work was supported from the State 
fund for Horticultural Investigations. 


Miscellaneous Insect Pests—The work on this project has been 
mainly directed to the determination of early spring remedies for 
orchard plant lice, the working out of the habits of a new corn root- 
worm, Diabrotica virgifera Lec., and var. filicornis Horn, which have 
done serious injury in limited localities in Colorado for the past two 
summers, at least, and a study of our grasshopper problems. Under 
this head Professor Johnson also has carried on some further observa- 
tions and experiments upon life habits and control of potato insects, es- 
pecially the flea-beetle, Epitrix cucuwmeris, and the potato beetle. Lep- 
tinotarsa decemlineata. 


Insect Collection—The work of collecting insects for the purpose 
of getting together the insect fauna of the State and having it sys- 
tematically arranged for reference has been continued, but only in a 
small way. . 


The Experimental Orchard-—Has served for some of our experi- 
ments with insecticides and for the destruction of plant lice. 

The projects under the Hatch fund that I am not planning to con- 
tinue another year are Potato Insects, Insect Collection and Experi- 
mental Orchard: 


STATE: APPROPRIATION. 


Fruit Investigations—Under the State Appropriation for Horti- 
cultural Investigations I have had general oversight and planning of 
the field work in Entomology that has been carried on by Mr. Geo. 
P. Weldon on the Western Slope. Mr. Weldon’s report is appended 
hereto. 

Respectfully submitted, 
CrP: GILLETTE, 


Entomologist. 
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REPORT OF FIELD ENTOMOLOGIST. 


To C. P. Gillette, Entomologist : 


Projects for the year consisted in codling moth, plant louse, 
peach twig-borer, San Jose scale and mite work. None of these pro- 
jects was entirely completed and it would seem desirable to continue 
the work along the same lines; in some cases for a number of years. 


The codling moth work required much attention throughout the 
season. Probably never before were demands upon the time of the 
field men by the orchardists so great. While the fruit crop as a whole 
was a wormy one, there are a number of orchardists in the Valley, 
who are willing to testify that their eagerness to listen to the advice of 
those who are spending their entire time toward devising means of 
control of these, as well as other pests, and to follow out instructions 
as to the proper time to spray and the best methods to pursue, resulte1 
in their being able to keep the fruit comparatively clean, even though 
the season was an unfavorable one. 

While we regret the fact that this year’s crop of apples was -9 
wormy we feel that many valuable points in regard to the control of 
this insect were gained. From the standpoint of the orchardists the 
season brought some fruitful results. The idea that codling moth con- 
trol is only a matter of spraying most any time and in an indifferent 
way, should no longer have a place in the mind of any intelligent 
orchardist. It was only by very careful spraying at the right time, 
that the great majority of orchardists who were successful in this 
work, met with success this year. Until the codling moth is much 
scarcer in Western Slope orchards, we will urge the use of other 
means of control besides spraying, such as the scraping off of all 
loose bark from the trees in the fall or early spring, and the destruc- 
tion of hibernating larvae found beneath; the destruction of larvae 
hibernating in packing houses; banding of the trees and collection of 
larvae, as well as any other means which may be employed in de- 
creasing the present abundance of worms. 

There is need for very careful life history work on the codling 
moth, as well as extensive experiments with arsenate of lead and 
other insecticides. ‘Tests show that arsenate of lead acts so slowly that 
apples are always badly specked when numerous worms have been 
trying to enter the sides, also it is not adhesive enough for some varie-_ 
ties of apples—for example, Ben Davis—this variety has an oily skin 
and no matter how thorough the spraying may be done the liquid ap- . 
plied tends to collect in large drops instead of forming an even coat-— 


State BoarD oF AGRICULTURE IOI 


ing of smaller ones over the entire surface of the fruit. Such varieties 
as the Winesap are much more easily coated simply because the skin 
is not so oily and the tendency for the water to run off is therefore not 
so great. 

Plant louse investigations are carried on as the abundance of any 
certain species during the season requires. The past season was noted 
by the very severe attack of green peach aphis and some helpful 
points in regard to the control of this pest were gained through ex- 
perimental work. 

The peach twig-borer work of the season consisted almost en- 
tirely of a test with different insecticides used in the spring, and some 
beneficial results were obtained from this experiment. A bulletin on 
peach insects soon to be issued will treat fully of these two pests. 

Mite work this season brought out the very important fact that 
a dormant spray of lime and sulfur applied in the spring, will control 
brown mite very effectively, but is of no value in the control of the 
red spider. : 

The San Jose scale has not been found hard to control wherever 
it has occurred, and orchardists will probably experience less trouble 
in controlling this pest by means of a spray, than codling moth, peach 
aphis, or some other pests which we have had with us for a number 
of years. 

The work of this office is steadily on the increase; the problems 
to be solved are many and of great importance; the efficiency can be 
greatly impaired by the lack of funds to carry on important projects. 
Respectfully submitted, 

GEORGE P. WELDON, . 
Field Entomologist. 


REPORT OF HORTICULTURAL SECTION. 


o the Director: 


I have the honor to make the following brief statement of the 
ork of the Horticultural Section for the past year. 

The work has been divided between three men, Mr. C. L. Fitch, 
he Potato Specialist, has had charge of the potato investigations un- 
er the special state funds which were given us for that purpose. 
r. R. S. Herrick has had charge of the fruit investigation and has 
een located most of the year at Delta, Colorado. The investigations 
t Fort Collins and the management of the office have been in my 
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charge since August 1, 1909. The reports of Mr. Herrick and Mr. 
Fitch are submitted separately. 


The plans at Fort Collins are as follows: 


Asparagus Investigation—Although there is not enough aspar- 
agus grown in Colorado to supply the local demand we believe that 
this should be one of our important truck crops, both for local supp'y 
and for canning purposes. With the idea in mind of investigating 
this industry and overcoming some of the difficulties that present 
themselves in its culture, we have started a small plot of asparagus. 
During April a plot of about a quarter of an acre was sown with 
three of the standard varieties of asparagus. This asparagus nursery 
has done particularly well so far. Next spring the permanent plot 
can be made. This investigation will require a little work each year 
for several years, and we believe that it is well worth carrying for- 
ward. 

The asparagus investigation is being carried on by funds from the 
State Fruit Appropriation. ‘The expense so far has been very light 
and will be pretty nearly self-supporting after the plots are established. 


Cover Crops for Orchards.—One of the most serious problems 
confronting the orchardists of Colorado is that of maintaining the 
physical condition of the soils in the orchards. Clean cultivation has 
been the rule and we believe this has been carried on to the detriment 
of the orchards. Experiments along lines to determine the best crop 
to grow between the trees for the benefit of the soil, have been started 
both here and at Fort Collins, by myself, and at Delta, by Mr. Herrick. 
Plots in the old orchard on the west college farm and in the young 
orchard in the same place were planted to red clover, crimson clover, 
field peas, cow peas, alsike and winter vetch. Two plantings were 
made, one in May, the other in July. Owing to the invasion of grass- 
hoppers from outside fields and inability to secure water for these 
orchards both plantings were practically failures. It is thought ad- 
visable to carry on this investigation another year, both here and on 
the west slope. 

The Cover Crop project was carried on by State Fruit Appropri- 
tion funds. 


Cabbage Investigation This project was started with a hope of 
working out both a scientific principle and eliminating a difficulty 
that has been experienced with cabbage growers at Greeley. The Cross 
cabbage, which is almost universally used in that district, is a hybrid 
between a pointed early cabbage, the Winningstadt, and a flat later 
cabbage, the Flat Dutch. Since the introduction of this variety some 
ten or twelve yeare ago the seed has been grown at Greeley and while 
the cabbage is a valuable one, there has always been a tendency for 
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a certain per cent. of the crop to revert back to either one or the 
other parents. It is thought that this tendency might be eliminated by 
saving seed separately from many different plants. Seeds were saved 
during the season of 1909 and were planted in the college gardens in 
separate plots this season. The work so far has been very satisfac- 
tory. Four out of about fifty plots gave heads, all of which were 
true to type. These have been saved from which to get seed to carry 
the experiment further. 


This project was carried on by Hatch funds. 


The Vegetable Garden—The vegetable gardening industry of the 
State is one of the important agricultural industries of Colorado. A 
great deal of the correspondence in the line of information is in re- 
gard to various crops for the vegetable garden. In order to have 
material for experimenting and demonstrating work it was thought 
advisable .to establish and maintain vegetable gardens. In carrying out 
this project about three acres of ground west of the Veterinary Build- 
ings, on Laurel Street, were planted to the various garden vegetables 
that are grown in this climate. It was aimed to have in this garden 
some of the standard varieties of all of the vegetables that could be 
profitably grown here, partly as a demonstration and partly for the 
purpose of experimenting with various problems that came up. Sev- 
eral of the other projects as the asparagus, cauliflower, cabbage, etc., 
were carried on in connection with this work. The results have been 
gratifying and it is hoped to continue the work in the future. 


This project was carried on under the Fruit Appropriation, but 
can be made practically self-supporting after the garden is well e:- 
tablished. 


Cauliflower Investigation in High Altitudes—Cauliflower is one 
of the crops that seems to be particularly adapted to the high altitude 
agricultural districts of Colorado. As a matter of demonstration and 
experiment, cauliflower plants were grown at the college greenhouses, 
for use in this experiment. About 1,000 were sent to Grand County 
and about the same to Del Norte. The remainder, something over 1,000 
plants, were planted in the college gardens at Fort Collins. Those sent 
to Grand County came to an untimely end as a result of ground squir- 
rel depredations. ‘The season in San Lis Valley was not 
favorable, yet the plants sent there made a very good showing, though 

_ not so good as crops grown there in former years. ‘Those planted 
in the college gardens were entirely sucessful and are being sold and 
used for experimental purposes at the present time. 


This project was carried on under the special Fruit Appropria- 
tion. ; 
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Orchard Investigation——The only orchards connected with the 
Experiment Station at Fort Collins are some old trees on the west 
farm and a few old trees near the house occupied by Prof. Keyser. 
Both of these old orchards are practically useless, owing to having 
been planted too close together, and the fact that the varieties are un- 
desirable. In order to determine the best method of handling an orch- 
ard in this district and to work on the many orchard problems that 
are continually coming up, such as cover crops, pruning, spraying, 
grafting, and a method of establishing the best kind of a tree, it was 
thought desirable to plant a small orchard on the college grounds. 
Accordingly an orchard was set consisting of go cherry trees, including 
the standard varieties of sour cherries, and 90 plum trees and the same 
number of apple. Weather conditions have been decidedly unfavor- 
able for this work the past season, yet the trees have made very satis- 
factory growth where uninjured by grasshoppers. Along with this 
work a nursery has been started and about 200 apple root grafts have 
been grown. It is hoped to carry this work further another year and 
make it include some of the nursery and young tree problems that 
are troubling the growers of Colorado. 


This project was carried on under the Hatch fund. 


Raspberry Investigation—lt was thought desirable to investigate 
and write up a short description of the raspberry industry in Colorado. 
With this in mind some investigation has been made along this line 
and a bulletin is about to be published. 

This work was carried on under the State Appropriation. 


Cherry Investigation—It was thought advisable to take up the 
investigation of the cherry industry of the State for the purpose of 
writing a short bulletin particularly for the benefit of new comers 
the same as with the raspberry industry. Owing to lack of time this 
investigation has received comparatively little attention up to the pres- 
ent. It is hoped to carry this investigation on the coming year and pos- 
sibly issue a bulletin during the coming winter or spring. 

This project is to be carried on under the Fruit Appropriation 
of the State. 

By the aid of the Potato Appropriation, a model potato storage 
cellar hase been made on the college farm. This cellar is one of the 
buildings needed on all of the potato ranches of Colorado, and is a 
valuable building for any farm place. In building this it was aimed 
to establish a model that might be used by the growers of the State. 

The time of the writer during the past year has been divided up 
between the work of these various projects, the executive work of the 
department, correspondence, teaching and extension work. It is dif- 
ficult to say just how much time has been devoted to each of these 


State BoarD OF AGRICULTURE 105 


branches of the work. About 1,000 letters have been written during 
the past year. Practically two months’ time has been devoted to in- 
stitute work in the State. The demands of the college and execuive 
work of the department have taken up a larger share of the time than 
is desirable, but this cannot well be avoided. On ‘the whole the work 
of the past year has been fairly satisfactory from our standpoint. 
The amount of work done has been limited by the amount of time that 
could be devoted to the various projects. Both Mr. Fitch and Mr. 
Herrick have carried their work along in a very efficient manner. 

I strongly recommend that Mr. Julius Erdman, our greenhouse 
manager, and Mr. S. V. Smith, the assistant in horticulture, both be 
placed on the Station Staff. 

We believe the projects outlined that have not been completed are 
well worth continuing in the future. This section has in process of 
writing, bulletins on the “Colorado Potato,” by Fitch and Bennett; 
“The Irish Potato—A Study of Productiveness and Degeneracy in the 
Pearl Variety,” by Mr. Fitch; “Fruit Notes,” by Mr. Herrick; “The 
Raspberry Industry,” by Herrick and Bennett, and ‘‘Garden Notes of 
1910,’ by Bennett. 

Respectfully submitted, 
Poke BENNETT, 


Horticulturist. 


REPORT OF THE VETERINARY SECTION. 


To the Director: 

According to statistics found in the Year Book of the Department 
of Agticulture for 1910, there is in the State of Colorado, a total 
valuation of $73,362,000.00 in horses, mules, cattle, sheep and swine. 
This does not include poultry and other animals, nor the revenue from 
our domesticated animals. 
| It has been estimated in some of the states that there is a loss 
on the average of about two and one-half per cent from preventable 
diseases. On account of the heavy loss in Colorado from poisonous 
plants this estimate would doubtless be too low. 

Necrotic Stomatitis Under this project we did field and labora- 
tory work during the lamb feeding season last winter. We are under 
obligation to Senator W. A. Drake for assistance given us in furnish- 
ing animals for experiment, for information as to the handling of 
diseased bands of sheep, and location of the same. Under this pro- 
ject we have studied both “lip” and “leg diseases” of sheep 
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and ‘“‘sore mouth disease” of hogs, they being caused by the same : 
specific micro-organism. This disease of sheep, because of the seem- ; 
ingly necessary quarantine regulations imposed, has been a serious © 
handicap to the lamb feeding industry of the State. The contention 
of the lamb feeders has been that most of the sore lips of lambs in ~ 
this State is not the real necrotic condition, and that while it has been — 
known here for many years, it has never caused any loss, and further 
that the quarantine of such animals is unjust and unnecessary. In 
eleven out of fourteen bands of sheep affected the specific organism — 
has been isolated, in the others only varieties of pus organism were — 
found. It is our wish that we be given funds with which to continue — 
this investigation, as it means much to the lamb feeding industry of 
the State. We have not progressed far enough in the work to war- 
rant the giving out of information in the form of a bulletin. 


Diseases of Poultry—We have been working on diseases of — 
poultry, and have discovered that very little is known about the 
diseases common to poultry in this State. It has also been determined 
that there are in this State several of the most deadly diseases of poultry, 
among them black head disease of turkeys, cholera of chickens, and 
several parasitic diseases. ‘These diseases can in most instances be 
prevented, and several practical bulletins would be of much value. A. 
bulletin on Poultry Diseases is now in preparation. 


Rabies——The eastern portion of the State, north of Pueblo, is 
generally infected with rabies. Dr. B. F. Kaupp has examined the 
brains of 66 rabid animals in the pathological laboratory in the last year. 
Many animals have died from being bitten by rabid dogs, coyotes and 
wolves. Quite a number of people have been bitten, and obliged to 


go away and take the Pasteur treatment. A bulletin on Rabies was 
issued in August last. 


We are ready and willing to do more work for the State in the 
identification and control of animal diseases, and we trust that we 
may be provided with funds which will make ,this possible. 


Respectfully submitted, 
GEO. H. GLOVER, 


Veterinarian. 
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ANNUAL REPORT OF SUPERINTENDENT OF EXTENSION. 


To the President: 

The report of such of the activities of this branch of the College 
work for the year ending Nov. 1, 1910 as can be tabulated is as fol- 
lows: 

Farmers’ Institute Meeting (1 to 6 


SPECI) a1 aR 2 89 Total attendance 22,566 
rain Institutes, (29. stops )juea--=.-—.— 29 Total attendance 4,850 
Organizing Boys’ and Girls’ Agri- 

(ee CE Me ae 2S, | 96 Total attendance 3,740 
Farmers’ Short Courses, 1 week ______ 

Housekeepers’ Short Courses, 1 week _ Total attendance 215 

* Colorado Farmers’ Congress ..._.___ Delegates 140 
*Normal Institute (1 to 2 weeks each) 13 Total attendance 1,213 
Total Attendance 32,839 


Farmers’ Institutes—The total number bf Farmers’ Institutes 
held has been 89, with a total of 170 sessions, and an aggregate at- 
tendance of all sessions of 22,566. ‘Thirty-one speakers from the Col- 
lege and 4 outside speakers have assisted in this work. All railroads, 
except the Burlington and the Missouri Pacific, have given free trans- 
portation to attend Farmers’ Institutes to some of our speakers, and 
most of them have furnished transportation to all of them. 

The demand for Farmers’ Institute work is greater than can be 
met with the available funds, and the work has been handicapped be- 
cause of the inability of the Superintendent to command the time of 
the members of the faculty and Experiment Station staff as fully as he 
could wish. The increased demands made by the College and Experi- 
ment Station have rendered it impossible for faculty members to spend 
much time in extension work off the campus. It is hoped that the 
new plan of organization of the College work, which is now being 
put into operation will enable the Superintendent of Agricultural Ex- 
tension to plan his work with more certainty than heretofore. 

It is believed that local organizations to carry on the Farmers’ 
Institute work should be formed as rapidly and as extensively as pos- 
sible, so as to place the responsibilities for the success of these In- 
stutes in the community for which the institute is held, rather than in 


*This work was conducted on College funds under the faculty 
committee of Rural Education, of which Professor S. A. Johnson is 
Chairman. The work was carried on by Professors Johnson, Long- 
year, Rausch, Allison and Mr. Frear. Credit for this work does not 
appear in the tabulation of Extension Work by individuals, which is 
attached to this report. 
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this Department. It is hoped by this means to work up a much better — 
local support for the institutes and to develop local men by giving 
them a place on each program. It is believed that if this work is car-_ 
ried on actively for the next two years the State will be in a position 
to reasonably ask adequate county support for the Farmers’ Institute 
movement, and thereby remove a considerable burden from the Col- 
lege and place it where it logically belongs. 

It will be necessary as soon as possible to increase the staff and- 
give the Superintendent of Agricultural Extension a small force, pos-— 
sibly not more than two at present, on whom he can count for as- 
sistance the greater part of their time. Under our form of organiza-— 
tion these will be connected with some department, but will give prac— | 
tically all their time to extension work. One of these should be in 
the department of Household Economics. 

An effort should be made to reach all portions of the State with” 
Farmers’ Institute work and to assure local organization to take charge 
of this work under the direction of the Superintendent of Agricultural 
Extension. 

Women’s institutes and institutes for boys and girls should be- 
added. 

Train Institutes—A “Potato Special” train institute was con— 
ducted by the Agricultural College in connection with the Denver 
and Rio Grande Railroad from April rr to 20, 1910, making 20 stops. | 
the meetings being attended by 2,770 adults and 2.080 children, a total 
attendance of 4.850. These “Agricultural Specials” have come to be 
a permanent part of the extension work of the College and result m 
great good to the district through which they pass. Tt i is the there 
means of extension afforded the C college. 

In a recent conversation with your Superintendent of 
Extension, Mr. F. A. Wadleigh of the Denver and Rio Grande 
road, expressed saeett as being greatly graittied with the results of 


that in two years the tonnage of potatoes shipped from eee Eecsi n 
Colorado, was very much more than doubled, and expressing his opi 
ion that by far the greater share of this increase should be attributed 
directly to the work of these potato specials, A certain amount of the 
interest aroused by these trains has been due to their novelty. Insofar 
as this is true this interest cannot be expected to be gree Tm 
tained, but disregarding this feature it remaims tree that the “Ag 
cultural Special” train affords the College am imexpensive means 
reaching a large number of people in a very short time, and for 
reason these trains should be undertaken as often as practicable, 
as the co-operation of the railroads of the State cam be secered 


Boys’ and Girls’ Agricultwral Clubs—During the spring of 191 
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Professor Cottrell, Principal Netherton and Mr. Vaplon of the Col- 
lege visited 96 schools, talking to 3,740 boys and girls with reference 
to the organization of Boys’ and Girls’ Agricultural Clubs, in in accord- 
ance with plans contained in Farmers’ Institute Circular No. 1 of 
April 1910, which circular accompanies this report and is made a part 
of it. Fifty-two of these clubs were formed, many of these being 
formed in the “plains or dry farming” districts of the State. Because 
of the change in the Superintendent of Agricultural Extension in 
this Institution and because of an unusually severe season a consider- 
able number of these clubs did not succeed in growing enough pro- 
ducts to exhibit. Sixteen clubs are now active and have made exhibits 
and it is believed that these clubs have resulted in the greatest value 
to their communities. 

The State Exhibit of products of these clubs will be held in Fort 
Collins during the week of January 9 to 14, IQII, instead of Denver 
according to the original plan as published in the above mentioned 
circular. The reason for making this change will be found in the 
report of your Superintendent for the work of the month of October, 
IQI0. 

This work should be carried on and extended to cover practically 
the whole State, but it will be necessary to place it in charge of some 
one whose sole business shall be to have an intimate acquaintance with 
the rural schools of 'the State, and to work up the Boys’ and Girls’ 
Clubs. The proper conduct of these clubs involves too much detail 
to make them practicable to handle solely from this office so long 
as it is necessary for the superintendent to be away from the office 
the greater part of his time. It is believed that this will be a proper 
part of the activities of the rural school visitors whom it is hoped 
the College will be able to employ during the next biennium. 

Short Courses——tIn the opinion of your Superintendent the work 
Yof the College should be extended by means of special short courses, 
Yor movable schools as rapidly as possible and it is hoped that a con- 
Vsiderable number of these may be undertaken during the next two 


‘to a single subject or a small group of closely related subjects, to 
‘furnish specialists in these subjects and study them carefully for one 
ek with a class limited in number, so as to allow good work to be 
Mone. Such classes may be made self-sustaining by a reasonable 
‘registration fee, except as to salaries and railroad expenses. It is 
hoped that in Home Economics, especially, a large number of these 
‘chools may be held. During the past year there has been held, at 
e Agricultural College, the Annual Farmers’ Short Course, con- 
nuing one week, with the registration of 115, and the annual House- 
eepers’ Short Course of five days, with a total registration of 215. 
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Colorado Farmers’ Congress.—In connection with the above 
meetings was held the first meeting of the Colorado Farmers’ Con- 
gress, to which there were 140 delegates representing sixteen organiza- 
tions at this meeting. It is hoped that the next meeting of this Con- 
gress may show a large increase in the number of organizations rep- 
resented by delegates, that this State organization may develop into 
the most important agricultural organizaion in the State, and that 
the week of its meeting at Fort Collins may become the most im- 
portant event agriculturaly in the State in the minds of all people in- 
terested in agriculture. 

Miscellaneous.—The activities of the College in Agricultural Ex- 
tension for the past year have included the furnishing of speakers 
to special meetings such as those of granges, picnics, etc., the furnish- 
ing of judges for various fairs, carnivals and similar occasions, as 
well as the carrying on of a very considerable correspondence. It is 
recommended that the several departments of the College be requested 
at an early date to begin the preparation of suitable material for ex- 
hibit.at the various fairs of the State next fall. It is believed that if 
suitable material be prepared so that transportation may not be too 
difficult nor expensive that the various fair associations will be glad 
to assist, that they will in fact bear the expense of these exhibits to 
their various fairs. The plan which your Superintendent would sug- 
gest is a modification of the plan used by the Ohio State College which 
is made the subject of a bulletin now in your possession. 

Respectfully submitted, 
C. H. HINMAN, 


Superintendent of Extension. 


REPORT OF THE FARM MANAGER. 


To the President: 


I submit herewith my report as Farm Manager for the current 
year up to and including September 30th. I am aware that this report 
should contain all data up to December rst. Our data up to Septem- 
ber 3oth is now on the Secretary’s books, but owing to the lack of 
sufficient clerical help, it has not been possible to get the books in 
shape beyond this date. 

There has been considerable complaint in the past among our 
own people, and from others, that the college farm was a constant 
bill of expense. As no account had been kept of receipts and expendi- 
tures, the Board decided to appoint a Farm Manager. Accordingly in 
March, 1910, Professor Bainer was appointed Farm Manager and 
instructed to. keep an accurate account of all labor and materials fur- 
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nished to other departments, as well as all labor and materials fur- 
nished outside the Institution. Professor Bainer immediately organiz- 
ed a system of daily accounting so that all work done or materials 
furnished were reported daily to his office. A summary was then 
made of these daily reports which was sent to the Secretary’s office, 
and there entered upon a set of books kept in that office. In the 
system devised an account was kept not only with the various depart- 
ments, but also, an accurate account of the various operations 
entering into the cost of producing crops on the fields. The 
effects of the system of daily reports were at once apparent. ‘The men 
began to feel that the office knew what they were doing from day 
to day, and as a consequence they succeeded in accomplishing about 
one-third more than they had formerly been doing. If nothing else 
had been accomplished other than increased efficiency of the labor, 
the system would have justified itself. 

The total received from all departments for man and horse labor 
and materials furnished is $13,141.52. 

It will be noticed from these figures that the farm is doing a 
great deal of work and furnishing a large amount of material to 
other departments on the campus, This work must be done etiher 
by our own college force or by labor employed from the outside. As 
at present conducted, the farm stands ready to furnish this necessary 
labor and material. For doing all these things, however, a slightly 
arger force is required than would be necessary to simply conduct 
the ordinary farm operations, and, as a consequence, the apparent 
xpense comes rather high, but when this work and materials are 
aid for by those who receive the benefit, the farm receives its proper 
credit. While not so designated, it is thus seen that we are really 
onducting a farm and labor department for the benefit of the entire 
nstitution. Such a department has its only excuse in existence in 
ervice rendered. That our force, as at present constituted, is highly 
fficient, has been attested on numerous occasions. ‘The road ex- 
ert sent here by the U. S. Government to superintend the instal- 
ation of our experimental road, made the unqualified statement that 
e had never in all his experience of road building had a force which 
oved dirt faster or more efficiently than our farm force which 
id this work upon the experimental road. Our men become trained 
making repairs and meeting other emergencies quickly, and we 
ave a force always at hand, so that when emergency exists we can 
ive prompt and efficient action. 

One of the first duties which Professor Bainer imposed upon 
imself was the division of the farm into fields.) A map was con- 
trutted showing the location and size of each of these fields. In our 
rm operations an accurate account has been kept of all of the items 
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of cost entering into the care of each of these fields as well as the re- 


turns theron: ; § 
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Labor charged to the fields and to the various departments was 
at the rate of 20 cents per hour, for man labor, and 12¥%c per hour 
for horse labor. 

In addition to the accounts that we are now keeping, an account 
should be kept of the amount of water used in our irrigating opera-— 
tions. To keep such an account it would be necessary to have measur-_ 
ing weirs or meters to measure the water applied to the land. Our | 
present data with the water data would give us the complete cost of — 
operating land under our conditions. Many problems in Farm Manage- 
ment could be worked out from such data. We would be able to 
determine in a few years’ time with considerable accuracy” 
just how much labor, just how much water, and, indeed, all other’ 
factors required in computing the cost of the operation of land under 
our conditions. Owing to the fact that we are a State Institution, 
and that our men work only ten hours a day, and that we are doing 
a large amount of other work which frequently breaks into the con- 
tinuity of the farm operations, this cost would be somewhat higher 
than what could be expected upon the average ranches. However, 
it would furnish a very accurate basis for comparison. : 

I recommend that the Farm Manager be empowered to adopt a 
rotation for the college farm, such rotation to be adopted after due 
consultation with the various departments interested. The object 
of the rotation being to keep up the fertility of the land and to give 
the highest service possible to the departments which have experi- 
mental or instructional use of the lands. Really the only excuse for 
the existence of the farm as a farm is ‘the service it can render the 
college through its instructional work or the station through its ex- 
perimental work. Rotations should therefore be devised in such a way 
that they will keep up the fertility of the land and furnish the animal 
husbandry, the horticultural, and other departments with the very 
best service consistent with their needs in instrucion and experiment. 

All grain crops grown in the rotation should be of the best 
adapted sorts so that the seed thus produced could be sold for seeding 
purposes. Much of our land needs to be put into rotation in order to 
clean up obnoxious weeds such as wild oats as well as keep up the 
fertility. ; 

I recommend that the Farm Manager be empowered to install 
the necessary weirs and meters required to measure the water applied 
to the farm lands. These meters and weirs to correspond to specifica 
tions ageed upon by the head of the Irrigation Department. 

Respectfully submitted, 
ALVIN KEYSER, Farm Manager. 
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RATION EXPERIMENT WITH LAMBS. 


1906 1907. 1907-1908. 


W. L. CARLYLE and G. E. MORTON. 
INTRODUCTION 


This bulletin covers two winters’ work with lambs done under the 
direction of W. L. Carlyle. The first winter’s work, on Cut Hay 
versus Whole Hay, was carried out by H. M. Cottrell, and the 
second winter’s work on Cut Hay versus Whole Hay, and on Self 
Feeders for Hay compared with Old Style Hay Racks, was carried 
out by the writer, G. E. Morton. 


CUT HAY VERSUS WHOLE HAY—ALFALFA—FIRST TRIAL 


The Fort Collins district furnishes an excellent field for the 
study of the lamb feeding industry. Because of the large numbers 
fed, and the high ranking of the finished lambs on Eastern markets, 
feeders are unusually alert in their search for means of reducing 
the cost of production. One of the questions frequently put to 
live stock men of the College and Station has been concerning the 
value of cutting alfalfa hay into short lengths. There is considerable 
waste in feeding whole hay to sheep as they reject quite a large per- 
centage of the stems. There is no doubt that cutting the hay causes 
sheep to eat it more closely, but the question of interest is whether 
enough saving is effected by the cutting to reimburse the feeder for 
the cost of cutting 

The trial here reported was made with grade Shropshire lambs 
from the Idaho range. The lambs were fed whole hay and corn for 
a period of seven weeks, and were then put upon experiment, one 
lot being fed whole hay and the other fed hay run through an ordi- 
nary feed cutter, and cut to 1/8 of an inch in length. 


TABLE I. 
TOTAL WEIGHTS AND GAINS—SIX WEEKS 
Dec. 1st, 1906, to Jan. 12th, 1907—125 Lambs in Each Lot 
Total Feed Consumed, (Ibs.) 


Weight at Weight at Gain in inn LET eh 
Weight Alfalfa 


Lot No Beginning ose ‘ 
Ibs.) (lbs.) Cbs.) Corn Hay Oil Meal 
A Whole Hay 12,635 14,256 1621 7785 24,592 140 
B Cut Hay 12,533 13,948 *1505 7903 10,893 140 


*Gain shown by final weight plus 90 lbs., weight of lamb which died. 
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The weights and gains made by the two lots, as shown in the 
table, are very closely alike. The amounts of corn and oil meal fed 
the two lots were also nearly equal. But the hay eaten by the lot 
fed whole hay was over double that eaten by the lot fed cut hay. 
. Table II shows how this effects the feed required for 100 pounds 
of gain and the cost of gain. There was only one pound difference 
in the average gain per head made by the two lots of lambs in six 
weeks. ; 


TABLE II. 


Pounds of Feed For 100 


Average | 
Lot : Gain Per | Peaets San Feed For — 
No. Ration Head, Six 100 Ibs — 
Weeks, lbs. Corn Hay Gain* | 
A |Corn, Alfalfa Hay, Whole, 
on Ground 13 478 1511 8,6 $8.73 
B |Corn, Alfalfa Hay, Cut, on 
Ground 12 525 724 9.3 7.61 


*NOTE—Corn at 1 cent per lb., Alfalfa Hay at $5.00 per ton, Cut Hay at $6. ae 
per ton, Oii Meal at 2 cents per Ib. DS 


FEED FOR GAIN 


The lot fed whole hay required 47 pounds less corn for 10€ 
pounds gain than the lot fed cut hay, but ate 1511 pounds of hay for 
every hundred pounds gain, while the cut hay lot ate only 724 pounds 
of hay for each 100 pounds gain. This is a marked difference. 


COST OF GAIN 


The prices, from which the costs given in the above table were 
computed, are not the exact prices of the feeding stuffs at the time 
the experiment was carried on; but they are round numbers, and 
changing the prices of feed stuffs in this instance could not greatly 
affect the ratio between the figures for the two lots. This experiment 
shows a considerable saving by using cut hay, although the cost of 
feed for 100 pounds of gain in either case is so high as to be almost 
prohibitive. A partial explanation of this may be found in the fact 
that the fleeces of the lambs were trimmed preparatory to showing 
at the Western Stock Show, causing a shrinkage in the weight of 
the lambs during the fourth week. With Lot B this shrinkage 
amounted to a loss of 252 pounds for the week, or about 2 pounds 
per head. The most of this Shrinkage was regained the following 
week, however, as shown by the gain of 529 pounds for that week, or 
over five pounds per head. So we cannot look for an. ‘explanatior 
of the high cost in this shrinkage. But considering the feed given 
the whole hay lot, we find that they ate on an average 4.7 pounds 
of hay per head each day, an enormous amount. This would indi- 
cate very poor hay or an unnecessary waste of good hay, so that in 
- either case, one would’ not be justified in reaching the conclusion that 
the economy shown by the table would ordinarily follow the use of 
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cut hay. In view of the unusually heavy consumption of whole hay, a 
series of experiments along the same line is necessary before a con- 
clusion is warranted. The trial reported below is the second in a 
series bearing upon the same problem. 


‘UT HAY VERSUS WHOLE HAY, ALFALFA, SECOND TRIAL, 


In this trial, self feeders for hay were used, and if there be 
economy in the use of cut hay, it should appear under these conditions ; 
for the self feeder should protect fine cut hay and leaves from staling 
and from being blown away by the wind even to a greater degree 
than they protect whole hay, with the following exception. If there 
are frequent wet snows, these serve to cause greater waste of cut 
hay than of whole hay when self feeders are used, because the cut 
hay dries out less readily than the whole, and so becomes less 
palatable. 

In the following table, Lots I and II are the Lots to be com- 


pared: . 
; TABLE A 
TOTAL WEIGHTS AND GAINS—14 WEEKS 
Nov. 23d, 1907, to Feb. 29, 1908—200 Lambs in Each Lot 
‘Weight at Weight at rol ae 
Lot | Beginning Close z 
(ibs.) - bs.) Corn Alfalfa Hay 
Hey, (Cist, ins Self 1... sas 11,675: 19,330 20,445 46,329 
eeder 
Hay, Whole, in Self|II..... 12,240. 19,170 20,595 41,615 
Feeder 
Hey. Whole, on |III... 11,813 18,555 20,595 49 425 
round E 


The amount of corn eaten by the two lots was practically equal. 


There is again a difference in the amount of hay eaten, but in the 


opposite directions, showing 4700 pounds of hay saved by the whole 
hay lot. This may be accounted for by too wide an opening in the 
self feeders where the lambs remove the hay, resulting in some waste 
of cut hay. The self feeders are in an experimental stage even for 


_ whole hay, and little is known concerning their construction for 


greatest economy with cut hay. 


pay 
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TABLE B 
FEED FOR GAIN AND COST OF GAIN—200 LAMBS IN EACH LOT 


Reece Pounds Feed For c 
Gain Per 100 Ibs. Gain in ote : 
Lot Ration Head, i4 | ___—_____| Feed For 
No. Weeks Alfalfa | 100 Ibs. 
bs.) Corn Hay Gain 
Bevis Corn, Alfalfa Hay, Cut, in Self Feeder.. 38.3 267 605 $4.48 
II....|Corn, Alfalfa Hay, Whole, in Self Feeder 347 297 601 4.47 
III. ...| Corn, Alfalfa Hay, Whole, on Ground. . 33.7 306 733 4.89 


*NOTE—Corn at 1 cent per lb., Alfalfa Hay at $5.00 per ton, Cut Hay at $6.00 
per ton. F 


ECONOMY 


By the table above we see that the cut hay lot gained on the — 
average of 3.6 pounds per head more than those fed whole hay. It — 
required for 100 pounds of gain with the cut hay lot the same amount | 
of hay and 30 pounds less of corn. This resulted in a cost of $4.48 — 
and $4.47 for each hundred pounds gained by the two lots, estimating — 
the cost of cutting hay at $1.00 per ton. The actual cost of cutting — 
amounts to about 50 cents per ton, but counting interest on the — 
capital invested in machinery and depreciation in value of machinery, | 
the cost of cutting will approximate $1.00 per ton. Firms cutting — 
hay for others charge even more than this. ‘a 

This trial shows no economy in cutting a good quality of alfalfa 
hay. The hay used was well cured, first and second cutting hay. The 
only point in favor of the cut hay is that changes in the construction — 
of the hay self feeders may result in a greater saving of the hay, and © 
further trials will be made with this point in mind. In this trial — 
the lambs were made to eat the whole hay about as closely as they 
do in a commercial feed lot, no unusual amount of stems being 
cleaned from their racks. 

For the present the author feels justified in saying that so far 
as the experimental work with cut hay has gone at this Statio 
there is not sufficient evidence in favor of cutting hay to justify sheep — 
feeders in putting in machinery for that purpose. The indications — 
are that it does not pay to cut good alfalfa hay. 


SELF FEEDERS FOR HAY. 


The trial reported above also included a test of the value of self 
feeders. Lot II was fed whole hay in a self feeder and Lot III was 
fed whole hay in racks on the ground such as are in common use 
in many sections of the state. 

From Table B, we find that the average gain of the two lots: 
was 34.7 pounds and 33.7 pounds respectively; and the amount of 
corn required for 100 pounds gain was 297 pounds for Lot II ar 
306 pounds for Lot III. When we look at the amount of hay re- 
quired for 100 pounds gain, we find quite a difference, 601 pounds 
being required by the self feeder lot, and 733 or over one-fifth mo! 
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hay required by those fed on the ground. ‘This brings the cost of 
100 pounds gain in live weight of the lambs fed on the ground up 
to $4.89 compared with $4.47 for the self feeder lot. With a higher 
price than $5.00 for hay the difference would be correspondingly 
greater. 

The self feeder racks shown in the cut of the feed yards, cost 
$1.00 per running foot completed. They will accommodate about 
four lambs to the running foot, two on a side, as not so much space 
is needed at a self feeder as at the ordinary rack, not nearly all the 
lambs eating at one time. With hay at $5.00 per ton, these racks 
saved in the present instance 42 cents for each 100 pounds gain, or 
about 14 cents on each lamb. With four lambs to the running foot of 
rack this would be a saving of 56 cents against an initial cost for 
material of $1.00. With hay at $7.00 per ton, a saving of 18 cents 
per head was effected. This one experiment then indicates consider- 
able advantage for the self feeder when whole hay is fed, as the 
racks would pay for themselves in two seasons or less. Another 
trial is contemplated. 


SUMMARY. 


Two trials of chopped hay do not settle the question of economy 
in cutting the hay, but the second trial with good hay, where undue 
waste was not allowed shows no economy. ‘The lambs ate more hay 
and less corn when the hay was cut, but the cost of 100 pounds gain 
was practically the same whether the hay was cut or not, with $1.00 
per ton charged for cutting. 

One trial of self feeders for hay shows a considerable saving. 
With hay at $7.00 per ton, the self feeders costing $1.00 per running 
foot for materials, repaid their initial cost in one season, accommo- 
dating 6 lambs to the running foot. 


LAMB FEEDING, 1907-1908 


Bi-weekly Data, Lot 1. 200 Lambs in Lot. Ration: Corn, Alfalfa Hay, 
Cut, in Self Feeder 


Average fe 
Gain Per Feed t05 


Head lbs. Alfalfa Hay 


——— ae 
2 ee EEE 


orn 


4th Week....... 
6th Week....... 
8th Week....... 
10th Week...... 
12th Week....... 
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LAMB FEEDING, 1907-1908 i. WEP Bee 


Bi-weekly Data, Lot II. 200 Lambs in Lot. Ration: Corn, Alfalfa Hay, 
Whole, in Self Feeder Rens 


Weight Gain rote es 
(ibs.) (Ibs.) Head Ibs. * Corn Alfalfa Hay 
Beginning....... 12240 
2nd Week...... 14695 2455 12 278 2045 
4th Week....... 15340 645 3.223 2800 
6th Week... ..... ‘15835 495 2.478 2800 
&th Week........ 16195 360 ; 1:80° 2800 
10th Week...... 17010 815 é 4.0785" 14 3150 
12th Week...... 18030 1020 5.10" ~'3500 
lth Week.,..... 19170 1140 5.70 | 2 [ere ean : 
ee ae a | 
6930 34,67. | 20595 41615 


LAMB FEEDING, 1907-1908 


Bi-weekly Data, Lot III. 200 Lambs in Lot. Ration: Corn, Alfalfa Hay, 
: Whole, on the Ground: ; 


Weight Gain Cua Ber | Heed |b a 
(Ibs.) (Ibs.) Head Ibs. Corn Alfalfa Hay 
Beginning....... 11813 
2nd Week......- 13935 2122 10.61 2045 
4th Week....... 14715 780 3.90 2800 
6th Week....... 15395 680 3.40 2800 
8th Week....... 15605 210 1.05 2800 4 
10th Week....... 16195 500 (2.95 3150 q 
12th Week ...... 17140 945 yp 4128 3500, 
14th Week...... 18555 1415 7.078 3500 


weeks. This was in ‘spite of the fact that the experiment was not begun 
until six days after the lambs were unloaded, the lambs being given all 
the hay they would eat during this time. A 
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TWO COMMON ORCHARD MITES 


THE BROWN MITE. THE RED SPIDER 


By GEORGE P. WELDON 


The dry climate of Colorado favors the multiplication of mites, 
among the more common and troublesome of which are the two 
species treated in this bulletin. Throughout the year these two 
species have been found quite generally distributed in the orchard 
sections of the Western Slope, and in some localities their injury 
io fruit trees was quite severe. Very often both species are found 
on the same tree, and no little confusion exists among the orchard- 
ists in separating one from the other. 

Because of the prevalence and severity of these pests it was 
thought best to carry on some experiments to determine how they 
inay best be controlled. The results of these experiments, along 
with a general discussion of the life histories of the two species of 
‘nites, are given in this bulletin. 

The mites are not true insects, having 8 legs when adult. They 
are classified as an order of the Arachnida, to which class the 
spiders belong. 

THE BROWN MITE (Bryobia pratensis Garman) Plate I, Fig. 1. 
Lite Fiistory 


There are three distinct stages in the life cycle of the brown 
mite. Beginning with the egg, a short account of each stage fol- 
lows: 

Most orchardists have seen the tiny red, globular eggs on fruit 
trees during the winter months, and are aware that they are the 
eggs of the brown mite. The winter is spent principally in the egg 
stage in Colorado. The over-winter eggs are deposited before the 
end of the summer season. This year practically no living mites 
could be found after the first of August, at Grand Junction or 
Delta, the eggs having been deposited previous to that date. On 
August 16, an occasional specimen of this mite can be found, but 
they are very rare and no more damage need be expected of them 
this season. The eggs are usually deposited on the trunk and limbs 
f trees, the crotches being favorite places. (See Fig. 7.) Often 
he bark is covered several layers deep with these eggs. By rub- 
ing one’s finger over the egg masses and crushing them, the bark 
f the tree may be made to assume almost a blood red color. We 
ave found these eggs more numerous on pear, cherry, plum, prune, 
nd almond than on any other orchard trees, the degree of infesta- 
ion corresponding to the order in which the trees are named. 
hortly after the warm weather of spring comes on, the tiny little 
wright red, six-legged mites may be seen crawling over the leaves 
nd branches. By the first of May they were abundant the past 
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Plate I.—Fig. 1, Brown Mite ( Bryobia pratensis;) 2, Red Spider ( Tetranychus bimaculatus;) 3, 4, 
and 6, larve, pupa, adult and egg of (Scymnus punctum.) Figure 1, enlarged 66 times; 2, 133 times; 
4,5 and 6, 30 times. Original, Miss M. A. Palmer, delineator. ae 
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season at Delta, Colorado. Their color remains red until after they 
moult for the first time, when they are a brownish, or often an olive 
green color. ‘After this moult they have 8 legs, instead of 6, which 
_ remain with them throughout life. The adult (Plate I, Fig. 1) is 
brown in color, with the exception of the legs and head, which have 
a reddish hue. The front pair of legs is very long, and are con- 
stantly kept in motion when the mites are feeding, as though they 
used them to feel their way about on the surface of the leaves. 
Throughout the months of May, June, and July adult mites are de- 
positing eggs, which may constantly be found on infested trees. 
If the infestation is severe, not only are their eggs deposited on the 
bark, but very often a few are deposited on the leaves. They have 
been noticed principally upon the upper surface, and in the furrow 
of the mid-rib. 
While it is very hard to determine whether or not there is a 
definite number of broods of this species of mite, observations the 
past season strongly indicate that there are but three broods. 
Nature and. Appearance of Injury.—The direct injury from 
brown mite is confined principally to the foliage. ‘They have been 
observed feeding upon fruit, and not infrequently have we seen 
“masses of them collected upon the stems where they appeared to 
be feeding. It is probable that the stems are used mostly as a 
moulting place. The epidermis of a leaf is pierced by 
their mandibles and the sap sucked from within. The first sign of 
infestation of a tree is the pale color of the leaves, not unlike that 
caused by leaf hoppers; when not abundant there may be only a few 
leaves affected. They generally attack the lower leaves first, and 
, unless conditions are favorable to their increase, they may confine 
themselves largely to the water sprouts and tender twigs at the 
crotch of the tree. When multiplication is uninterrupted, they may 
cover the foliage of an entire tree, causing it to turn yellow and drop 
prematurely, thereby materially weakening the vitality of the tree. 
Little black specks, the droppings of the mites, render the fruit and 
foliage unsightly, and while there may be no serious consequences 
from this source, it probably does sometimes interfere with the 
looks of a fancy pack of early fruit. Often the fruit of a badly 
infested tree is small and does not mature properly. 
: Trees and Plants Infested —The brown mite does not confine 
its attack to trees, for it was first described as a clover pest. Neither 
does it confine its attack to orchard trees, for shade trees have been 
| Teported infested by them. During our observations of this mite 
we have not found it on any of our shade trees. Much has been 
‘written about it as a household pest, but it seldom, if ever, becomes 
of any serious consequence in Colorado, where it winters mostly 
in the egg stage. In the warmer sections of the United States it 
is said to hibernate as an adult, often migrating into the houses in 
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the fall, where it may trouble the house-wife. During the 
present season they have been found on apple, plum, prune, — 
cherry, pear, peach and almond in abundance. Probably less were — 
seen on peach than any other of these trees. Only in one section ~ 
were they observed to be of any serious consequence on peach. So ~ 
common are they on all other kinds of trees mentioned that it would 
hardly be safe to say that they are more liable to attack one than 
another. An infested apricot, or quince tree has not been observed. 


Remedies 


The following experiments were conducted the past summer ~ 
to determine which of the insecticides used would best control this — 
pest, the applications being made as a spray, except No. 6: 

May 4 and 5, Experiment No. 1.—Sulphate of nicotine, 3 — 
ounces to 50 gallons of water. 4 

May 4 and 5, Experiment No. 2.—Nico-Fume, 9 ounces to 50 — 
gallons of water. 

May 4 and 5, Experiment No. 3.—Nico-Fume, 6% ounces to — 
50 gallons of water. . 

May 4 and 5, Experiment No. 4.—Black- leaf, I part to 70 © 
parts of water. 

June 4, Experiment No. 5.—Flowers of sulfur, 1 pound to-# 
gallons of water. 

June 4, Experiment No. 6.—F lowers of sulfur as a dust spray. — 

July 23, Experiment No. 7.—Flowers of sulfur, 65 pounds to ~ 
200 gallons of water, and 2 pounds of whale oil soap. j 

July 27, Experiment No. 8.—Same spray used as in No. 7. 

Experiments I to 6 inclusive, were conducted by myself. No. — 
7 was conducted as recommended by me, and No. 8 under my su- — 
pervision. 4 

Nos, I to 6 were in the orchard of Mr. W. FE. Obert at Delta, — 
No, 7 in the orchard of Mr. McCarry at Grand Junction, and No. ~ 
8 in the orchard of Mr. C. D. Gehman at Grand Junction. Thanks — 
are due these gentlemen for their assistance in the work. of 

The Sulphate of Nicotine and Nico-Fume are tobacco prepara- 
tions manufactured by the Kentucky Tobacco Product Co., at — 
Louisville. The Black-leaf is also a tobacco preparation manufac- — 
tured by the same company. All the tobacco sprays were found to — 
be effective in killing the mites touched by them, but apparently 
had no effect upon the eggs. An examination of trees 24 hours — 
after spraying showed that many of the adult mites had not been — 
killed. It is next to impossible to do a thorough enough job with — 
any spray which will only kill the mites, to sufficiently hold them — 
in check so that they will not damage the trees, as they hide in — 
cracks of the bark, under bud scales, and in so many other places — 
where it is impossible to reach them. A later examination of the — 
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trees showed that the eggs were hatching in abundance, and that 
the adult mites were also abundant. Any spray that will not kill 
the eggs, and which will not adhere to the foliage until eggs hatch, 
is not a practical summer spray for brown mite. If it were possible 
to do a thorough enough job to kill all mites when the spray is ap- 
plied and then make a second application later when all the eggs 
are hatched, that would be effective. Owing to the fact that it is 
practically impossible to kill all of both eggs and mites, and that 
the time of hatching of the eggs seems uncertain, the best that could 
be expected of tobacco sprays would be to keep the mites in check 
by repeated applications throughout the season. In the use of sul- 
fur the experiments indicate that we have an absolute femedy for 
this pest. 

In experiments Nos. 5 and 6 four small, badly infested cherry 
trees were treated, two sprayed with a compressed air hand pump, 
and two dusted with a bee smoker. It was found that by using a 
small amount of soap in the water 
sulfur would mix eee so that 
Sirccessfinly for figethes 
fureine thesdry-form. The best 
time to apply the sulfur in the dry 
form would be in the early morn- 
ing, or late in the evening, when 
the dampness would cause it to 
adhere to the foliage. In experi- 
ment 6, sulfur was applied as a 
dust spray, and enough was used 
so that every leaf received a coat- 
ing. An examination of trees 
was made June 7, and to my sur- 
prise, not a single adult mite 
could be seen; there were, how- 
ever, many of the newly hatched 
ones. An examination of these 
trees again June g showed the 
same conditions. On this date a 
very careful examination was 
made of ‘egg masses on check 
and treated trees. The egg 
masses (Fig. 7) are favorite 

Fig? 7 coxa net.msm places for the mites to moult, and 

Figure 7, twig with a large clus- along with those that are deposit- 
ter of eggs of Brown Mite; Orig- ing eggs there are always many 
wal, Mice M- A. Palmer, delineator. +4 be found there in abundance. 


‘Twenty-five separate egg masses on sprayed trees were examined 
with a hand lens and not a single adult mite was found. Every 


it could 

be applied 
as a liquid 
spray. 
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egg mass examined on check trees in same row had from one to a 
great many. mites crawling about over it. The foliage of sprayed 
trees recovered its normal green color, and remained so through- 
out the season, standing out in beautiful contrast to that of the un- 
treated trees, many of the leaves of which turned yellow early in 
the season. Not only was there a difference in the foliage, but the 
fruit also showed a marked difference, that from check trees being 
small and worthless, while that from treated trees matured well and 
was good. 

Experiment No. 7 showed just as conclusive results. The 300 
pear trees in this experiment began to pick up immediately after 
spraying, and an improvement in the fruit was soon apparent. The — 
only trouble in this orchard was that the spraying was neglected — 
nntil too late, as much damage had already been done. An exam- 
ination a few days after the spraying showed that treated trees ~ 
were free from mites, while some plum trees in the orchard, which 
were left untreated, still had many of the mites on the foliage. As 
the infestation of mites on the pear trees was serious, it is probable 
that the spray paid for itself, even though it was late before the 
applicaton was made. Spraying in this experiment was done with 
a gasoline power outfit. Previous to the time of spraying this 
orchard with sulphur, a Black-leaf spray was used with very little 
success, 

In experiment No. 8, twelve cherry and two plum trees were 
used. The mites were completely exterminated from these trees. 
One cherry tree was left as a check, and an examination of the 
trees ten days after spraying failed to reveal the presence of any 
mites on the treated trees, while on the one check there were still 
many of them. 

I feel that the results of these four experiments with sulphur 
sprays are conclusive, and that it is perfectly safe to recommenda 
a spray of flowers of sulphur and water for brown mite. While 65 


pounds to 200 gallons of water were used in these experiments, it 


is probable that 50 pounds would be enough. A small amount of 
soap must be used:so that the sulphur will mix with the water. If © 
soap is not used the sulphur will remain on the surface and no ~ 
amount of agitation will mix it. Two pounds of soap to 200 gal- — 
lons of water is plenty, and probably less will answer the purpose. — 

Prof. Gillette has found that a soluble oil spray is more effec- 
tive in killing the eggs than are the tobacco sprays. In the case of ~ 
the mites themselves this was reversed, and tobacco prepartions 
were the more effective. While soluble oil might be successfully — 
used as a dormant spray, it is not a reliable remedy where water is — 
strongly alkaline, and if such water is used a thorough mixture — 
cannot be maintained with any of the different brands of soluble — 
oil that the writer has tried to use, Because of this fact none of © 
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the soluble oil sprays were used in the experiments. 


It has been determined that lime and sulphur, applied when 
trees are dormant, will kill mites. Prof. Gillette has experimented 
with the lime and sulphur sprays upon the eggs of brown mite and 


has concluded that they are of no value as far as the destruction of 


the eggs is concerned. Their efficiency seems to depend upon their 
power to kill the young mites after they hatch from the eggs. Lime 
and sulphur is very adhesive, and the sulphides of lime will remain 
on a tree for months after the spraying has been done. Especially 
is this true in Colorado, where the rainfall is not great. 


SUMMARY. 


1. The brown.mite has been quite a serious pest in Colorado the past 
season, doing considerable injury to orchard trees, as well as interfering 
with the maturity of the fruit. 

2. The over-winter eggs are deposited in late summer, most of them 
before the first of August this season; they remain on the trees throughout 
the winter and hatch shortly after the leaves come out in the spring. 

3. Apple, peach, plum, cherry, pear, and almond trees were found 
infested. Apricot and quince do not seem to be troubled. 

4. Mites feed principally upon the foliage where their presence may 
be detected by the pallid leaves, and the tin'ty black spots of excreta. 

5. Flowers of sulphur, one pound to three gallons of water, and 
enough soap so that the sulphur will mix with water, is a perfectly effec- 
tive remedy when used as a Summer spray. 

6. Tobacco preparations will kill the mites, but not the eggs, and are 
only effective when repeated applications are made. Oil sprays seem to 
penetrate the eggs, and destroy them better than the tobacco extracts, but 
are unsafe to use with water strongly impregnated with alkali. 

7. Trees may be treated while dormant with lime and sulphur. This 
spray has no effect upon the eggs, but probably kills the young mites as 
they hatch. 


HE RED SPIDER (Tetranychus bimatulatus Harvey) Plate I, Fig. 2. 


Although there are a number of different species of red spiders, 
or spinning mites, we have found only one species infesting orchard 
trees in Western Colorado. While in most localities it was probab- 
iy not responsible for as much damage as the brown mite, still it 
was of somewhat serious consequence, and is a pest to be watched, 
and combatted if necessary, to keep it from becoming injurious the 
coming season. 
Life Ffistory 

Both species of mites treated in this bulletin belong to 
the same family, but differ from each other in many impor- 
tant respects. The eggs of the red spider are deposited chiefly, 
on the under surface of leaves. An examination of infested trees 


will reveal the presence of these tiny transparent eggs, resembling 


minute dew-drops attached to the surface of a leaf, or interwoven 
among the silvery threads which the mites are capable of spinning. 


As is the case with the brown mite, these have only six legs whea 
first hatched, the fourth pair developing later. The adult (Fig. 2) 


is somewhat smaller than the adult brown mite and the fore pair 
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of legs are much shorter, as is shown in the figures. When the 
mites are seen with the aid of a glass, upon the surface of a leaf, 
the legs appear much shorter than they do in the drawing, for the 
reason that they are not extended to their full length while the 
inites are feeding, or while at rest, while those of the brown mite are 
nearly always extended to their full length. A glance through any — 
ordinary hand lens is all that is necessary to be able to distinguish 
the brown mite from the red spider, because of this characteristic. 
When first hatched this species of red spider is light green, with 
small dark colored spots on the back. Later the color may change’ — 
irom a light green to a deep brown, or a bright red. Owing to 
the variability of color this character cannot be depended upon at 
all in the identification of the species. The spots also vary in size 
and placing on different individuals. Generation after generation — 
of the mites appear during the summer months, and at all times of — 
the season there may be found eggs, and all other stages of the ~ 
mites upon the leaves. ‘3 
The winter is spent in the ground, and here we have an im-— 
portant difference in the life history of the two species treated in — 
this bulletin. On August 9th, myriads of red mites were found in ~ 
the ground at the crowns of trees upon which they had been feed- — 
ing. At this time they were all red in color. Although most of — 
them occurred close to the trunks of trees, some were found at a_ 
distance of 10 feet away, where they had crawled beneath clods of 
soil undoubtedly to remain over winter. It is probable that out of © 
the large numbers that leave the foliage and enter hibernation quar- ~ 
ters only a very few survive thg winter. In the early spring, when — 
the foliage begins to grow, these few crawl out of their winter 
quarters, ascend the trunks of trees and deposit their eggs for the 
perpetuation of the species. On last April 7th a number of these 
mites were found trapped in a “Tree T'anglefoot’”’ band, which had 
been applied to the trunk of an apple tree to catch the migrating 
woolly aphids which wintered in the ground. iz 
Nature and Appearance of Their Injury—The injury from: 
this species is similar to that of the brown mite. The leaves of an- 
infested tree are often yellow in spots, which present a blister-like 
appearance. This condition has not been observed with brown 
mite injury, and is due to the red spiders spinning their webs ove 
certain small areas of the leaves, and feeding within those ar 
The webs are always found on leaves injured by red spider, a 
when the orchardist finds these webs he can rest assured that 
has red spider to contend with, as the brown mite does not have 
power of spinning a web. 
Trees and Plants Infested —In every case, mite injury to sh 
trees observed the past season, was due to this species of red spidet 
and not to the brown mite. It has been observed on the same fru 
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trees as the latter, but in addition it has been commonly found on 
poplar, ash, and walnut, as well as a great variety of herbaceous 
plants. In many cases small fruits have been damaged severely. 
Raspberry, currant, and gooseberry bushes have probably been the 
greatest sufferers among the small fruits. The injury in this case 
is the same as to the trees. The leaves are sapped of their vitality, 
turn yellow and drop early. The fruit is small, often not maturing 
sufficiently to be salable. 


Remedies 


Last season the writer tried to kill this pest on some rose 
bushes at Delta, Colorado, by using a spray of “Black Leaf Ex- 
tract,” using I part of the black-leaf to 65 parts of water. A small 
compressed air spray pump was used, and as thorough an applica- 
tion as it was possible to make was given the bushes. At first it 
appeared as though the tobacco was thoroughly effective, but an 
examination of the bushes next day showed that while a great 
many of the mites had been killed many live ones were still crawl- 
ing over the leaves, and the eggs did not seem to be affected in the 
least. In about a week’s time the bush was sprayed again, and 
finally was sprayed a third time by the owner, and even then it 
seemed impossible to kill enough of the pests so that they would 
not damage the bushes. 
Recently the sulphur spray (sulphur 1 pound, water 3 gallons) 
recommended for the brown mite, was tried on three small peach 
trees at Palisade, and the results were highly gratifying. Trees 
were sprayed on August 12, and on August 17 an examination 
showed the leaves to be entirely free from red spider, while untreated 
\ trees close by, were just as badly infested as upon the day of spray- 

ing. 
“a Early in August, Mr. R. B. Cassells, who has an orchard on 
Fruit Ridge, Grand Junction, complained of a few of his plum trees 
being infested with the spiders. A sulphur spray was recommended 
and applied, and again the results were perfect. The trees not only 
recovered somewhat of their normal color, but the fruit also 1m- 
proved rapidly. 

The only objection that might arise to a spray of sulphur so 
late in the season, would be the odor it would give to the fruit of 
sprayed trees. It is not probable, however, that any trouble would 
arise from this source, except possibly in the case of peaches, where 
the fuzz would cause the sulphur to adhere. Of course, trees should 
be sprayed as soon as the injury begins, and should not be allowed 
to remain unsprayed until the end of the season, when practically 
all of the injury has been done to them. ‘he use of a sulphur 
spray upon small fruit bushes cannot be too strongly recommended, 
as these are so often materially injured by red spiders. 
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Natural Enemies 


The principal enemies of the red spider, found during the sea- — 
son’s observations, were the lace-winged flies, and a small black 
species of lady-bird beetle, which Prof. Gillette has determined for — 
me as Scymnus punctum.. (See Figs. 3, 4, 5 and 6 of Plate I.) 4 

Several times during the season lace-winged fly larvae have 
been observed on leaves infested with mites, and no doubt they were — 
feeding upon them. The little lady-bird was found quite abundant 
on infested peach trees in one orchard at Palisade. It is ‘a tiny 
black beetle, so small that the orchardist might not become aware — 
of its presence in an orchard even though it should occur in abun- 
dance. The larvae are also of a blackish color, and can be readily — 
seen on the leaves when they are feeding upon the mites. The 
drawings of this lady-bird were made from specimens collected by 
Prof, C. P. Gillette, at Greeley and Fort Collins, Colorado. Prof. — 
Gillette found them specially common on elm and plum leaves, — 
where they were feeding upon red spiders and working for the most — 
part beneath the webs. He has briefly described the different stages — 
of this beetle as follows: + 

“The eggs are very small, pale yellow objects, oval in shape, 

-and are deposited singly upon their sides. They are almost too 
small to be seen by the unaided eye, as they measure barely one- 
chird of a millimeter (one-seventy-fifth of an inch) in length. ‘ 

“The grubs or larvae are dusky to blackish in color, rather 
hairy, the hairs being simple and arising in clusters from minute 
tubercles. a 

“The pupa is uniform blackish in color and is covered with | 
short golden hairs, most of which terminate in a knob. ” 

“The adult beetles are dull black, with the tibiae and tarsi. 
(lower portion of the legs) pale yellow, and the dorsal surface is” 
set with short golden hairs that are not capitate but pointed; the 
general form is almost circular, and the length about one and one- 
third millimeters (one-twentieth of an inch).” J 

SUMMARY e 


1. Only one species of red spider has been found injuring orchard trees in 
Western Colorado. ‘= 
2. Eggs are deposited in the spring by mites that have hibernated over win- 
ter in the soil, or beneath rubbish of any kind in the orchard. Hibernation began 
as early as August 9th this season, and myriads of the little red pests were found 
in the ground at Palisade, on that date. # 
3. Many fruit and shade trees are attacked by the mites. Small fruits are 
often severly injured Herbaceous plants of all kinds seem to be subject to attack, 
When fruit trees are badly infested the fruit is usually small and does not mature 
properly. a 
4. A sulphur spray, the same as is recommended for the brown mite, is 
probably better than anythin g else that could be used during the summer months. 
5. The natural enemies of the red spider that were noticed during the seas 
were the lace-winged flies, and a minute black species of lady-bird beetle (Seymm 
punctum.) 
_ Credit is heartily accorded Miss M. A. Palmer, who made all the drawing 
this bulletin. ee 
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INTRODUCTORY 


Colorado has not provided means of obtaining statistical informa- 
tion which enables the people and commercial interests of the State to 
take account of their progress and thus to determine the character of 
their growth or the conditions which may need improving. In the 
absence of authentic data of that kind Professor H. M. Cottrell was 
authorized to obtain information from all sources possible as to the 
amount of produce actually shipped into the State and especially of 
a character the state could produce. While the information thus ob- 
tained cannot be considered as exact, yet as the sources of informa- 
tion are in close touch with the products in question, the estimates 
are believed to be close to actual facts. In some cases they may be 
considered as exact. ‘The railroads and commission men, and in fact 
all classes have been free to aid, in many cases have opened their 
books to inspection and have given the advantage of their expert 
knowledge. The statements therefore represent what is, no doubt, 
the best summary of such knowledge that is available or has ever been 
made. 

From the standpoint of the State it indicates the large demand 
for agricultural products that is not met by the growers of this State. 
This shows only the production shipped into the State, and does not 
_ show the amount shipped out of the State. In some cases this is con- 
siderable. Thus several times the value of flour is shipped out of the 
State that is shipped in. Our fruit growers ship out several million 
dollars worth of fruit annually. Several million dollars worth of po- 
tatoes are shipped out annually and shipments of hay and live stock 
amount to many million dollars each year. 

The facts, however, deserve careful consideration, and give a 
basis for lines of intelligent development: 


L. G. CARPENTER, Director. 
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AGRICULTURAL PRODUCTS SHIPPED INTO 
COLORADO IN 1909 


BY H. M. COTTRELL 


According to the most accurate data that could be secured by the 
Farmers’ Institute Department of the Colorado Agricultural College, 
the following agricultural products were shipped into Colorado in 
1909 from other states: 


5 


Estimated 
Value 

Bat Animals: tor Slaughtercoiec. .3..: .sirs nse ceeenees $3,568,380 
BGeSHe WRC AE cris aiatera en suatoe cretiae cs picielelsos, ati,o ene eae 1,094,080 
Cured; Meats, ard and sButterme <32)..2.0.0 ania ee 2,546,680 
Canned “MWeats!c asin on nc cones: oles. cb ce ere 1,200,000 
Mains pProduc tse te re c..c sere Gisele ese & a a Giahere etree 3,986,000 
RoGltry* anda We os a col See iy sc. alot See eee 4,000,000 
WANG A teeters toe tetas ete hemerneta a aw ‘ia joa dh’ Dede fapeeeee ene 50,000) 
LOU een Tine Rire bre a cuales sienboieinr ib ioe le occas Ae eee 1,500,000 
Miallstutistand? Corn: Meallvi. 42. «espana 860,000 
GOTT erat eats Aira rae tani cas Foe as AON eT eee 2,530,000 3% 
Oats: RyerandvBarleyea tek: 1... -ccn ae eetee: 310,000 . 
Breakfast Foods and Food Cereals................ 1,122,000 a 
Crackers, Wafers and Fancy Biscuits................ 350,000 
Brooniee COM. sarees ceca cs +1 5c aE ree 96,000 
ELA Aes pein baste ee vofigtales tsdisese eyeing (oJ. +o 0d eee atone 1,450,000 
IPIELG, SCOMS ate Hrciners Astemansaite. <0 «3 = 5 RE Cte te 240,000 
Fresh Fruits, Melons and Vegetables .............. 1,993,000 
Canned -Fruit.and Vegetables... .. ic. cae deen we 1,345,000 | 
PELE TUES ae cictetenas oe sventis os CS 6 2) SRR aa 500,000 | 
Pickles, Catsup and Pork and Beans................ 175,000 | 
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FAT ANIMALS SHIPPED IN FOR SLAUGHTER: 


Wattlemer i ate ct ienr nc is es os bs $1,297,872 
TIVO FEISS eo a Rea 2 Gores ae 2,245,288 
Wal Vested i emer ss. 25,220 $3,568,380 


MEAT AND MEAT PRODUCTS: 
Fresh Meat: 


Hee tems meee fae... $472,680 
TEAC TEI. 5 6 cdo ep eINGID Glee A el) Sea err 591,600 
ical tatiana ete eg 10,800 
)NEULUOSEl s SolesayMinniena ae sda Scene 19,000 $1,094,080 
mITIOKUCMINIE AES Ac fers tae vase ian cis +s $918,000 
ardvtcro ny. . RT ee eas 520,000 
WardmeCompounds!-2 oases. . dss .. +. 93,000 
BORER enema TiNe. on gieeNucs o.ssees.+ 930,000 
BVIGINGe MV Ena arian es ol lo iba ne ws 15,680 
ER PEACtMmOMMBeet eee... fy. ..t!,.3.. 70,000 $2,546,680 
Canned Meats: 
Beef, Veal, Bacon, Ham, Chicken, etc............ $1,200,000 
Mota lem $8,409,140 


PORK: 

Of the 241,570 hogs received at the Denver Stock Yards in 1909, 
61,947; or a fraction over one-fourth, were grown in Colorado. 

The value of hogs, pork and pork products shipped into Colorado 
in 1909 were: 


TAIOPES! 5 2. 4 Auta a oon eget Dee re nee ee $2,245,288 
iPyeesiat TE tel ya i 591,600 
Su@olwael WW CENS ig oe teilen ily 22) ae ee 918,000 
LAH as oy sho 66S SOLER IG oe Cae er 520,000 

BR tall ms rey oy cctesesct $4,274,888 


Experts estimated that the value of the pork and pork products 
shipped from the corn belt into the Rocky Mountain and northwestern 
territory, of which Denver is the gateway, amounts annually to six- 
teen million dollars. 

The three cracker factories of Denver used in 1909 as much lard 
as was furnished by all the Colorado hogs slaughtered in Denver. Yet 
every tillable section of Colorado is adapted to the cheap production 
of pork of the best quality. 

Barley fed pork is the highest priced pork in the world, on account 
of its superior flavor. The irrigated sections of Colorado yield barley 

at a less cost per acre than the cost of growing corn in Iowa and 

Illinois, and the production of pork per acre from irrigated barley 
‘is greater than that of pork from corn in the corn belt. 

- The right strains of barley give profitable yields under dry land 
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Field peas as grown in the San Luis Valley make a better flavored — 
pork than either corn or barley, and hogs in the San Luis Valley can © 
be fattened on peas at a cost of one and one half cents per pound for © 
the gain in live weight.. There are three million acres in the San Luis | 
Valley adapted to pea growing and a much larger area at high alti- — 
tudes in other sections of Colorado. a 

Colorado should not only supply all the pork and pork products 
needed in the State, but should furnish the high priced, choicest pork, — 
and pork products to the rest of the United States. The State needs — 
50,000 farmers who are expert swine growers and feeders. The © 
majority of Colorado farmers have failed to make hogs profitable — 
because they have neglected the growing pigs through the summer. — 


Beef.—Colorado beef cattle are better bred than those of most ~ 
of the range states. The native grasses are not excelled for making — 
growth on young stock and for “putting flesh on older cattle. The — 
meat produced from the grass and from the hay made from native 
grasses is of exceptionally choice flavor. The Colorado Experiment si 
Station and private feeders have demonstrated that our grains, al- — 
falfa, and roots produce, economically, beef of superior flavor with | 
light waste in slaughtering and in cooking. a 

Fresh beef and veal are shipped weekly from the corn belt into 
most Colorado towns, and fat cattle were shipped, in 1909, from — 
other states into Colorado, as follows: =: 


Cattle 

Wensaskaticie sire sie ovens Pee eerie! ese 
Wyoming Nas met ohiirsc ci nd Fen 10,299 
PSA SAB ee eit Nin tree ati Aci bat o iss at) wie Mere 1,478 
LESTE eres AP SRAM LOI ae eee Mem ene 5,177 
Idaho.. 3,823 
INevadaite at etait ata chan! chit it Oe 795 
Ore DOM eines chy tyes Ee a2 kes oe he, Se 723 
INGOs atta teenies, Demet steed ec § Like see 343 
Californian. 5. hy iis tac wea nies aa.e <iohs zee 623 
Total.. 27,039 


we could not only supply our own needs for beef and veal, but on’ 
account of the flavor-of meats made from Colorado feeds could crea 
a widespread trade outside the state. 

RButterine—There has been such a scarcity of butter in the state 
and the prices have been so high that during the past year there has 
been an abnormal increase in the use of butterine, experts estimating 
that an average of over 10,000 pounds per day is used in Colorad 
and that there will be a large increase over this during the com 
year. Government officials state that over four times the number | 
people are selling butterine in Colorado than were in the busine 
eighteen months ago. 


Fresh Meats—Fresh meat is regularly shipped from. Omaha | 
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Denver, and also in carload lots as far west as Grand Junction. It is 
distributed throughout the mountain sections of Colorado, as well as 
in the eastern part of the state. 


Daley FRODUCTS. 


Berea Tara RCC LEA ITY) rere ts ski alal oka. salle s:lsce hyasise vaste yom $3,000,000 
COEVSTASES 5 cs thy cape ais Cec cc i ee 500,000 
RRO CHSCC MILE ce hm ders Sage aeliales ales 400,000 
EEE IM TS. ea i a te re 86,000 

Otalnecccce en $3,986,000 
Butterine, which is used to take the place of butter 930,000 

sata ies. s aes $4,916,000 


There are approximately 160,000 milch cows in Colorado. Many 

are cows selected from the range and are poorly handled and milked 
through the summer, producing annually only from $20 to $50 a cow 
A number of well selected cows are kept in or near towns, and are 
fed, producing annually from $50 to $150 a cow. The average annual 
production is probably not over $40 a cow, or a total yearly production 
for the state, from dairy products, of $6,400,000. If these estimates 
are correct, Colorado farmers are supplying about 56 per cent. of the 
Gairy products and substitutes for dairy products consumed in the 
state. 

_ Buiter and Cream.—A large amount of butter is shipped into 
Colorado from Kansas and Nebraska .and the larger proportion of 
the cream churned in the large factories in Denver, Colorado Springs, 
and Pueblo is shipped in from Kansas and Nebraska. One concern 
alone in Denver churned, in 1909, over three million pounds of butter, 
a large per cent. of it from Nebraska cream. 

_ Some of the largest handlers of dairy products in the state esti- 
mate that in 1909 an average of over 30,000 pounds of butter were 
shipped daily into Colorado either as butter or in cream that was 
churned after arrival. Butter made from Kansas and Nebraska 
€am is used in Mountain sections of Colorado 450 miles distant from 
nver. 

_ Cheese-—The quantity of cheese made in Colorado is so small that 
t is seldom found in most of the towns of the state. Most of the 
ese eaten in the state comes from New York. 


Condensed Milk.—The one condensed milk factory in Colorado is 
ted at Fort Lupton. It has a good trade, puts up a good pro- 
and pays a high price to the farmer for milk. 
During 1909 there was a general shortage of milk and cream in 
most of the towns of the state, and city families were forced to use 
ondensed milk. Many thousand farm families also used condensed 


The use in Colorado of condensed milk has been increasing 
idly every year for several years. Wholesale houses report that 
99 they had a demand for double the quantity of condensed milk 
y sold, but they could not secure it from the manufacturers. 
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More than the usual amount was shipped into the state from the east 
and several carloads from the Pacific Coast. 

The fresh milk from 8,000 average Colorado cows would have 
been required to produce the condensed milk that was shipped into 
Colorado in 1909, and the milk from 16,000 cows to fully supply the 
demand in the state for this food. 

Every section of Colorado offers favorable conditions for dairy- 
ing. The irrigated sections of Colorado offer ideal conditions in every 
respect :—feed, climate, water, and good markets. 


The mountain parks and valleys of Colorado furnish almost the 
same dairy conditions as the mountain dairy districts of New York, 
with the advantages of richer feeds and a dry climate. These parks 
and valleys cover a large area, a single one—the San Luis Valley— 
having a tillable acreage as great as the entire state of Connecticut. 

Good, early cut alfalfa hay will produce as much milk as an. equal 
weight of bran, one of the chief eastern dairy feeds. Alfalfa hay can 
be produced and fed to dairy cows on the average Colorado farm for 
$3 to $5 a ton. Bran in eastern dairy sections costs $20 and upwards 
a ton. A ton of alfalfa hay contains about as much milk producing 
material as four tons of timothy hay. 


Alfalfa grows well in most sections of Colorado up to an altitude 
of 8,000 feet From 6,500 to 8,000 feet field peas give high yields. 
Both the hay and grain from this crop are good milk producing feeds, 
pea hay ranking next to alfalfa for this’ purpose. 

At high altitudes red and alsike clover yield large crops, the latter 
doing well up to an altitude of 9,500 feet. Both are rich milk pro- 
ducing feeds. The nutritious character of Colorado forage crops 
makes little grain necessary. 


To the many new settlers. who are starting dry land farming on 
the plains of eastern Colorado, dairying offers a sure income. In the 
past thirty-three years there has never been a year so dry but that 
a sufficient quantity of feed could have been raised, together with the 
native grasses, to produce a good yield of milk. 

The native grasses are good milk producing feeds, summer and 
winter. The Sorghums, Milo and Kafir-corn are good drought re- 
sisting crops, andi in a dry year wheat, oats and beardless barley cut 
just as they are filling make excellent dairy feeds and often a profit- 
able crop can be secured from these grains by making them into hay, 
when if left to mature the season would be too dry for them to make 
marketable grain. 


The mild climate of Colorado makes the necessary expense low 
for shelter. For twenty years the average temperature at Fort Col- 
lins for January—the coldest month—has been twenty-six degrees, and 
for July, the warmest month, sixty-eight degrees, with a few days 
each year of either extreme heat or cold. | 

The dry bracing air and high altitude give vitality and health to 
the cows. Dr. George H. Glover reports that only one-half of one — 


] 
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per cent. of the native cattle of Colorado show any trace of tubercu- 
losis, and less than two per cent. of the cows in Colorado cities, where 
they are closely confined. 

The pure air of the high altitude and the intense sunshine—an 
average of three hundred and twenty days of sunshine each year— 
make the air much freer from germs which taint milk than the air 
in low, humid states. For this reason it is much easier and costs less 
to keep milk and cream sweet in Colorado than it does in states East. 


POULTRY AND EGGS. 


A Siz, asec reae taper rare 5 oe att eu pMEMMRT els yracal ava: ge abarveid daar ve $2,000,000 
1 EGG B 12 cate 0 a an cp.) a Ce $2,000,000 
Motalewe ses oes $4,000,000 


Fifty car loads of eggs were taken in a single month from cold 
storage plants in the East and brought to Denver. Poultry is shipped 
direct from Omaha to Glenwood Springs and other mountain towns. 
ven in mountain towns as distant as Telluride, poultry and eggs are 
shipped direct from Wichita, Kansas. In July, 1909, the hotels in 
Durango were obliged to furnish their guests Kansas eggs because 
Colorado eggs could not be secured. 


During the past Fall and Winter an average of $1,000 per week 
1as been sent out of Fort Collins for Kansas and Nebraska eggs, and 
nost towns in Colorado have sent out proportionate amounts. One 
Bank in Denver reports that its customers, alone, send an average of 
510,000 a week to Nebraska for poultry. 


An investigation made in Pueblo by the Business Mens’ Associa- 
ion showed that more money was being sent out of that city to other 
states for poultry and eggs and butter than was being spent in the 
sity by the 4,000 employes of the great ten million dollar steel plant 
9f the Colorado Fuel & Iron Company, and by the employes of the 
smelters. Denver dealers handle an average of over $3,000 worth of 
eggs, daily, and a large part of this is brought from other states. 


Two years ago the Farmers’ Institute Department of the Colo- 
rado Agricultural College made an investigation of egg production 
n Colorado, having the assistance of a poultry expert from the East 
us well as Colorado poultry experts. 


It was found that in both small and large flocks and in vari- 
Ms parts of the state, poultrymen who thoroughly understood the 
managing of the business under Colorado conditions of feed and 
limate were making an average of $2.00 a hen a year above the cost 
f feed. Poultrymen around New York, Boston, and Philadelphia 
were making but half this amount. 


_ At the same time most of the Colorado farmers, who were con- 
sulted, reported that their hens were “eating their heads off” and that 
eeping poultry was a loss to them. 

- Colorado needs, at the present time, at least 5,000 men who are 
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experts in egg production, and these men can make much more than 
they are making in eastern states. 

Our average of 320 days of sunshine, the dry climate, high alti- 
tude, and bracing air, are as beneficial to poultry as they are to peo- 
ple. Colorado feeds~ wheat, barley, field peas, and alfalfa are especial- 
ly valuable for egg production. The field peas of the San Luis Valley 
produce a specially choice flavor in the meat from poultry. 


GRAIN AND GRAIN PRODUCTS. 


RW RGab ars ieee Suid ar ties eo eet eas 3,750,000 

COTTE ER io step alae Wid wtaiaqenels vices ne aeRO OOO 

Oats; ryevand ‘barley... ou. 0. 310,000 

Ji} Fo’ 5 se ae, aie ce IR aa eS 1,500,000 

Millstuff and corn meal.............. 860,000 $8,950,000 

Breakfast foods and food Cereals.... 1,122,000 

Crackers, wafers, fancy biscuits, etc.. 350,000 $1,472,000 
Totaltivtane.bee $10,422,000 


Wheat.—The U. S. Department of Agriculture reports that there 
were raised in Colorado in 1908 6,153,000 bushels of wheat, and in 
1909 9,467,000 bushels. It requires in the state annually for flour, 
seeding, and ordinary feeding about 5,600,000 bushels. There was 
therefore a surplus of wheat above home needs, in 1908, of nearly 10 
per cent. and in 1909, of 69 per cent. 

A large quantity of soft winter wheat was shipped into Colorado 
in 1909, from Idaho, and adjoining states. The wheat was shipped with 
milling in transit privileges through Colorado to southern states. It 
was ground in Colorado and the flour sent south. Considerable hard 
winter wheat was shipped into Colorado for grinding from Kansas 
and Nebraska. 

Flour.—Colorado bakers do not use flour made from Colorado 
v.heat for bread making. Practically all the bakers’ bread in Colo- 
rado is made from Kansas hard winter wheat flour. Experts estimate 
that over one-half the bread eaten in Denver, and four-fifths the bread 
eaten in Pueblo, is from Kansas hard winter wheat flour. 

Most of the families in Pueblo, particularly those connected with 
the steel works and with the smelters, use Kansas flour. San Lis 
Valley Millers buy Kansas flour to supply their bakery trade, and 
Kansas hard wheat flour is shipped to Durango, Telluride, Grand 
Junction, and other points, to be used by bakeries and hotels. 

Flour to the value of about $190,000 was shipped from Minne- 
apolis to Colorado points in 1909. Most of the flour-used by Colo- 
rado families is made from Colorado soft wheat with a blend of Kan- 
sas or Nebraska hard wheat. 

While Colorado produces more wheat than is required to make 
all the flour needed in the states yet flour, costing at wholesale, $1,- 
500,000, was shipped in, most of it from. Kansas. Some flour was 
received from Nebraska, and a little from Missouri and other states. 

The reason bakers use Kansas flour is that the hard wheat Kansas 
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flour absorbs more water than Colorado soft wheat flour. One 
hundred pounds of Colorado flour will absorb fifty pounds of water ; 
one hundred pounds of Kansas flour will absorb sixty to sixty-two 
pounds of water, and make good bread, and can be made to absorb sev- 
enty pounds of water if the best quality of bread is not wanted. One 
hundred pounds of Kansas hard wheat flour will make from ten to 
fifteen more bakers loaves than one hundred pounds of Colorado soft 
wheat flour. The Kansas flour contains more gluten. © Colorado 
flour made from Durum wheat contains considerably more gluten than 
Kansas flour, but is not used by bakers, because it makes a dark colored 
bread. 

Colorado soft wheat alone, or with a blend of hard wheat, makes 
bread of the best quality. In a bread making contest held by the Den- 
ver Gas & Electric Company in 1909 with 1200 loaves competing, the 
first, second and third prizes for the best loaves were won by loaves 
made from Colorado wheat. Most Colorado families who bake 
their own bread use flour made from Colorado wheat. Colorado bak- 
ers prefer Colorado flour for cakes and pastry, as it is softer and makes 
pastry more tender and flaky than hard wheat flour. 

The flour made from Colorado wheat, and that from the enormous 
quantity of soft wheat shipped into Colorado from Idaho and adjoin- 
ing section, and not used in the state, was shipped to Southern states, 
where it is preferred, because it makes better biscuits and hot bread 
than hard wheat flour. 

The soft wheat shipped into Colorado should have been produced 
in the state, and it would have required nearly two-thirds as many ad- 
ditional acres to produce it as were seeded to wheat in Colorado. 

Some hard winter wheat is grown in Colorado, particularly on the 
Plains. Millers have been unable to make a flour from it equal to 
Kansas hard wheat flour. The largest bakers in Colorado find that 
the most good loaves of bread can be made from hard wheat flour of 
certain sections oi Kansas only and that the hard wheat flour from other 
parts of Kansas is not satisfactory. 

The Kansas localities named by the bakers as producing desirable 
flour are those that for several years have paid particular attention 
to selecting seed and maintaining wheat having hard red berries. The 
sections of Kansas named as producing unsatisfactory flour are those 
that have allowed considerable of the yellow berry to show in their 
W heat. 

All hard winter wheat raised on the Plains in eastern Colorado 
examined by the writer has been badly affected with yellow berries. 
It would seem that it would pay farmers, farmers’ organizations and 
commercial clubs in eastern Colorado to make a united effort to secure 
pure seed of hard winter wheat entirely free from yellow berries and 
to grow wheat from which flour can be made equal to the best Kansas 
flour. It means the securing for the Plains a market that now 
amounts to $1,500,000 a year and that is constantly increasing. 
Corn.—About 3,700 cars of corn, costing approximately $2,530,- 
000, were shipped into Colorado from Kansas and Nebraska in 1909. 
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Over 350,000 lambs were fattened on this corn. Most of the hogs 
slaughtered at home and at packing houses in this state were finished on 
this corn. A large quantity was fed to beef cattle, to dairy cows, and 
to horses. We found Kansas corn being fed to fattening hogs in La- 
Plata county, 450 miles southwest of Denver. 

Much of this feeding of imported corn is done from habit, the farm- 
ers who feed it having come from corn belt states. Both barley and 
field peas produce better pork than corn. Barley is as good a feed for 
horses and dairy cows, and oats is a better feed. Beef produced at the 
College showed that the choicest flavored beef can be produced without 
feeding any corn, and many lamb feeders have shown that good results 
can be secured in fattening lambs on barley, except just at the finish. 

Breakfast Foods and Cereal Products——Over 1,700 tons of cooked 
cereals, and over 4,200 tons of uncooked breakfast foods, such as oat- 
meal and cracked wheat, were shipped into Colorado in 1909. These 
breakfast foods took out of the state over $460,000. Hominy and Grits 
to the value of $3,200 were shipped in. 

About 760 tons of peanuts were shipped into Colorado, costing 
$114,000. Peanuts do well on sandy soils on the Plains. 

Over 430 tons of macaroni were shipped into the state at a cost of 
$44,000. 

About 1100 tons of starch were shipped into the state, costing 
about $165,000. We shipped in over 3,000 tons of rice that cost us 
over $300,000. Rice cannot be raised in Colorado, but it is used largely 
as a substitute for flour products and potatoes. 

Less than one pound of cane sugar for each inhab‘tant was shipped 
into the state, showing that the greater part of the supposed cane-sugar 
used by the Colorado housekeeper must be beet-sugar. 


About 145 tons of popcorn were shipped into Colorado from East 


of the Missouri River at a cost of $7,000. 

Crackers, wafers and fancy biscuits were shipped into Colorado 
that cost $350,000. As our home cracker factories use Colorado pro- 
ducts chiefly in manufacturing their goods this sum could be kept in 
the state by buying Colorado made products. 


BROOM CORN 


Broome .@orni. wt ate eee eee $96,000 


It requires annually from 500 to 600 tons of broom corn to sup- — 


ply home needs in Colorado, and about an equal amount is shipped into 


the state, made up into brooms and brushes, and then sent to other 


states. 


the state in manufactured goods. About two-thirds of the total 
amount grown in Colorado in 1909 was produced in Baca county. 


Normally good broom corn is worth from $60 to $80 a ton. Some- — 


In 1909 about 150 tons were grown in Colorado, leaving 450 tons — 
to be shipped in for home consumiption, and between 500 and 600 tons — 
shipped in that were sent out later in manufactured goods. A consid- — 
erable portion of the 450 tons needed for home use was shipped into 
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times it drops as low as $30 a ton, and at present, owing to a severe 
shortage throughout the United States, the best grade of broom corn 
is selling at $275 a ton. 

The extreme high price for broom corn is exciting many Colorado 
farmers, particularly in the dry land sections of Eastern Colorado, 
and many are planning to raise this crop in 1910 for the first time. 
Some Colorado farmers who have never raised the crop are planning 
to raise from 200 to 300 acres each. 

Most of these beginners will probably make failures. The grow- 
ing of a good quality of broom corn is the work of an expert of long 
experience. The differences between strains of broom corn are as many 
and as great as between varieties of corn. The successful Colorado 
erower must start with seed adapted to his locality and seed that will 
produce a tough quick-growing brush, ripening early, and neither brit- 
tle nor coarse. He must prepare his soil and keep it through the season 
in such condition that a rapid growth is maintained. He must have suf- 
ficient teams tools and labor to harvest the crop at just the right time 
to secure the best quality of brush, and he must have proper sheds and 
racks for curing the crop. Skill, judgment, and experience are needed 
at every step. 

Most of the broom corn grown in Colorado has been of poor qua!- 
ity, considerable of it almost unsalable in years of good supply. A few 
experienced Illinois growers who have come to Colorado have produc- 
ed broom corn of high quality. 

Colorado broom corn is generally brittle and rough, and much of 
that raised under irrigation is coarse. These faults come first from 
the seed. The cool nights tend to make it brittle. Much of the broom 
corn raised in the state is damaged by not being harvested at the right 
stage and by being cured without shelter. 

The southeastern part of the state is best adapted to the production 
of broom corn on account of having warmer nights through the grow- 
ing season than other sections. It is probable that in this territory a 
quality of broom corn can be produced that will supply most of the 
demand of the state, if skilled growers give due attention to every 
detail in producing the crop and are well supplied with the needed 
equipment. 

It is probable that the warmer sections of the fruit belt in western 
Colorado are adapted to broom corn. 
| A good yield is one ton to three acres, on irrigated land, and one 
ton to four acres on dry land. This gives a good profit in years ot 
exceptionally high prices, a little more than pays expenses in average 
years, and returns less than cost in years of low prices. Broom corn 
is a fairly good sod crop. It requires about 4,500 acres annually to 
supply the demand in Colorado. 


i. HAY. 


eo - 


_ About ten thousand cars of hay were shipped into Colorado in 
1909, with an estimated wholesale value of $1,450,000. This hay came 
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chiefly from Kansas, Nebraska, Oklahoma and Wyoming. Most of it 
was shipped in to be fed to horses and was hay made from native 
grasses. 

. During this same time a large quantity of alfalfa hay was shipped 
to southern states for feeding work animais—horses, mules, and. oxen. 
Colorado alfalfa hay is in demand in eleven southern States—planters, 
ccentractors and other large users of horses, mules, and oxen consider- 
ing it the best feed for animals doing hard work. Colorado horsemen 
do not like alfalfa for this purpose. 

‘Colorado men handling large numbers of horses and mules doing 
heavy work consider that the best hay for work animals is timothy, 
grown at an altitude of 7,000 to 8,500 feet. The timothy hay grown 
at these altitudes in Grand, Routt, and Gunnison Counties sells in the 
wholesale markets of eastern Colorado at from $4.00 to $5.00 a ton 
more than the hay that is shipped into the state. 

Timothy at these high altitudes yields two tons and upwards an 
acre, and is a profitable crop. Any one of these three Counties has 
a sufficient area to supply all the hay of this character needed in 
Colorado markets, but has not the farmers to produce it. Any con- 
siderable increase in the quantity of hay produced in these sections will 
have to be secured from new settlers. 

Eleven southern States want Colorado alfalfa to feed to their work 
animals, and there is a large and continually increasing demand from 
all the eastern states for Colorado alfalfa hay, and alfalfa meal. Ap- 
preciation of alfalfa hay is growing much faster in the United States 
than is production, and if Colorado had the farmers to grow it, a 
good demand would be found for many times the quantity of good 

alfalfa hay than is now being produced in the state. 


FIELD SEEDS. 


lialfa SCG io). Aepncees eee ore ks Suc Gd) A ae ae $150,000 
Seedu Potatoes so Se ec... eee 30,000 
MIMOthy Seed sis sree yaliate sisiso tn acs a2< + Ue ee 50,000 
Sorghum, Kafir; and) Milos2>...... >. 2. eae ee 6,000 
Millet® Seedon ten accime acer eis toes: cit eee ee 4,000 

Totalica). os. sects -9240:000 


Alfalfa Seed._This season, up to February Ist, 1910, 32 cars 
of alfalfa seed shipped direct from Germany had been sold in Colorado, 
and importers expect to sell several more cars of this seed before t 
end of the seeding season. These 32 cars cost, wholesale, $4,300 per 
car, a total of $137,600. 

German alfalfa seed has a very high germination test, but t 
adaptability of the various German strains of alfalfa to Colorado cot 
ditions, and the quality of hay that they produce, have not been d 
termined. 

A few years ago Colorado received large shipments of alfali 
seed from Utah, and the alfalfa from Utah seed was found to be pa 
ticularly adapted to our conditions. Practically no Utah alfalfa seeé 


bas 
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is now used in Colorado, for.as soon as the trade was established, the 
Utah shippers began sending seed badly adulterated with sweet clover: 
Some of the highest priced shipments contained 90% of sweet clover 

Some Colorado dealers, after being forced to abandon the Utah 
seed on account of the sweet clover adulteration, decided to secure 
seed grown in Arizona; and considerable Arizona ag seed is now 
on sale in Colorado. 


The few tests made of Arizona seed oy the Colorado Experiment 
Station have shown that the plants from it are too delicate for our 
climate, and begin to rot and die within a year after seeding. Whether 
this will be true of all alfalfa from Arizona seed we do not know. 

Alfalfa seeding in Colorado from seed grown in the western sec- 
tions of Nebraska and Kansas have shown that seed from these sec- 
tions is very desirable. 

Probably less than half of the alfalfa seed sown annually in Colo- 
tado is grown in the state. There is a great opportunity for the de- 

velopment of this industry, as Colorado farmers prefer home grown 
seed, and if it could be produced there would be great demand for 
Colorado alfalfa seed in the northern section of the corn helt as well 
~as at home. 
: Seed Potatoes——At least 50 cars of seed potatoes are shipped 
each year into the Greeley district from outside the state, costing 
wholesale, $20,000. Other parts of Colorado ship in from other states 
seed potatoes, costing at a low estimate, $10,000, a total of $30,000 per 
_ year for seed potatoes shipped into Colorado. Some years nearly twice 
this amount has been shipped into the Greeley district alone. This 
: seed comes chiefly from Wisconsin, some from Minnesota, and a few 
cars from Maine. 
C. L. Fitch, of the Colorado eecevinent Station, has made a 
"careful investigation of the results obtained from this “shipped in” 
Seed... He reports chat the average returns in the crop from the seed 
shipped in is $40 an acre less a that from acclimated seed. The 
seed shipped into the state is sufficient to plant 4,100 acres, which at 
$40 an acre, makes a direct loss in the crop each year of at least 
_ $164,000. Sometimes double this acreage is planted with seed shipped 
into Colorado, and the loss is then double the amount given. 
On the other hand, for the past two years carefully selected seed 
potatoes from Greeley sent to the San Luis Valley have produced an 
average gain in profits of $75 an acre over home grown seed. 
About 30,000 acres are planted to potatoes each year in the 
reeley district, and the acreage is constantly increasing. If seed 
uld be secured for this district that would give as great an increase 
profits an acre as the Greeley seed gives in the San Luis Valley, the 
lditional profits would be enormous. 
_ One of the most promising lines for the potato grower at an 
itude of 7,000 feet is the production of seed potatoes grown from 
sed taken from high yielding hills. When the right seed is develop- 
northern Colorado alone needs 800 cars a year. 
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Another loss, small to the individual farmer, but large in the 
aggregate of the state, comes from the common practice of ordering 
seed potatoes of the new sorts glowingly advertised in eastern seed 
catalogues. Tests made by the Colorado Experiment Station show 
that not over one in one hundred of these varieties equals in yield 
the standard Colorado sorts, and many are worthless. 

Timothy Seed—Most of the large quantity of timothy seed sown 
in Colorado is shipped into the state. Seedmen state that $50,000 a 
year is a low estimate of the amount sent out of the state annually 
for this seed. 

Colorado grown seed is heavier and has greater vigor, but Colo- 
rado timothy growers perfer to market hay rather than seed. It 
would seem that there is a good opening for growing timothy seed 
in Colorado at high altitudes at points too distant from railroads to 
make the shipping of hay profitable. 

Sorghum, Kafir, Milo and Millet—In a recent examination of 
sorghum seed from Colorado and from Kansas, Colorado seed aver- 
aged in every case heavier per struck bushel than that from Kansas. 
Colorado grown milo weighed 63 pounds per struck bushel. Colorado 
farmers should not only supply the demands in the state for these 
seeds, but should ship large quantities to other states. 


FRESH FRUITS, MELONS AND VEGETABLES. 


Fruits and Melons not grown in Colorado or 


shipped in out of season.................... $1,237,000 

Fruits that could have been grown in Colorado.... 367,500 

Potatoes. and|sweet potatoes... .. 40... eee 184,000 

Greens Veretables ina ssaniek set ot ee eee 195,500 
‘Total see oe $1,984,000 i 


FRUITS AND MELONS NOT GROWN IN COLORADO OR 


SHIPPED IN OUT OF SEASON. | 


Oran gesnc sc) sehen oe oe Sass ba eee $360,400 
BANANAS Fee chide costae eel tera "66h = dla ys eee 371,000 
Wemons freon, sobs os sRa RA a ee eee To acco q 
Strawberries. 2. ice syinctod sb tones: is dsk Oe ee 164,500 ; 
Grape: SB TUit 2 osteo s seove tin a Jad, oye, ANA eee ee 49,000 3 
Gratiberriess sn iiiai. volaads cocks as 0 eae OO i 
MOMACOES Ka vests Mea Ra kik iy we 41,200 
PINEAPPLES 15 5 roncsces sve kasie Faia teens ah ty ee 35,500 
Waters Welons:. sassy: quan. 53 <a ee 277,900 
Bigs oa cick ci Soe ae ee 7,000 

Total eee ee $1,237,000 


Oranges, bananas, lemons, grape fruit, pine apples and figs can- 
not be grown in Colorado, but if there were a sufficient quantity of 
choice, home grown apples and peaches, the quantity of these sub- 
tropical fruits used would be greatly reduced, and the money spent 
for them kept in the state. 
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Nearly one-third of the stiawberries came in out of our season, 
and were sent from California, Texas, and Arkansas. Two-thirds of 
the strawberries shipped into the state came from Missouri, and a 
large part of these should have been produced in Colorado. Some 
strawberries came from Oregon, and Utah. 

The tomatoes came from Florida, Georgia, Texas, Arkansas, 
essee, and Mexico, and were received before Colorado tomatoes were 
marketable. 

The watermelons came from Florida, Georgia, Texas, Arkansas, 
and Oklahoma, and were shipped in out of season. 


FRUITS THAT SHOULD HAVE BEEN GROWN IN 


COLORADO. 

GraDeSen tem he roan Ree TS co icc teMs y adele ace $208,300 
EXP DIOS es re, ee OREN Men Te Rie ee chit editsya Goss or 65,500 
CANtaLOU PES sey MOM PN mn Scat UE Race ls, Sa avd od 57,200 
CCS rete Nan eM NL i 2c 8 5 see eu aat orgies alk-assee 33,500 
Prunes TERR os 0° Gy ndk CUO DO ERS ER OCR RE 8,300 
Peachesie mascot Aen terns oh ic stra ed we baled he 5,800 
Checriceimn acim eter ion rere tan er nire enes Ce Ie te | I,300 

ovale rccp cotras eta $379,900 


One hundred and thirty cars of Concord grapes were shipped 
into Colorado in 1909, costing, wholesale, $104,850. Half of these 
grapes came from New York, over one-third from Michigan, and the 
remainder from Pennsylvania and Iowa. 

The writer has purchased New York grown Concord grapes, at 
Cortez, Colorado. They were shipped from New York to Denver, 
and re-shipped to Dolores, 510 miles by rail from Denver, having 
to be transferred at Alamosa to narrow gauge cars. They were car- 
ried by freight wagons from Dolores to Cortez, nearly twenty miles. 
Yet grapes thrive particularly well in the Montezuma Valley, of which 
Cortez is the center, and the few vineyards there yield $500 and up- 
wards an acre a year. 

California grapes to the value of $91,000, and Imported grapes 

to the value of $12,450 were shipped into Colorado in 1909. Professor 
O. B. Whipple, formerly Field Horticulturist for the Colorado Ex- 
periment Station, states, in Bulletin No. 141, that California varieties 
of grapes grow in the fruit section of Colorado will, when mature, 
‘give an average annual return of $525 per acre, and Concord grapes 
an average annual return of over $600 an acre. One of the most suc- 
cessful apple growers in Canon City stated to the writer that grapes 
planted between rows of bearing apple trees have given him, for 
twenty years, an average annual return per acre of $100. 
: The fruit sections of western Colorado are well adapted to grape 
‘growing, and it is an industry that offers quick returns. If there 
were a sufficient number of men to grow them, Colorado could not 
only fully supply the home market, but the demand in all the other 
mountain states. 
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Apples—About three-fourths of the apples shipped into Colorado 
in 1909 came from California. They were «inferior in flavor, size, 
and coloring to Colorado apples. Other shipments were made from 
Oregon, Utah, Montana, and Kansas. 


In a trip made by the writer in November and December, 1909, 
covering the dry land sections of eastern Colorado, it was found that 
the fowns in these sections along the lines of the Burlington, Union 
Pacific, Rock Island and Missouri Pacific railroads were supplied 
almost entirely with California apples. The fruit growers of the 
eastern Slope and of the Arkansas Valley should organize and secure 
this trade. It is a market that can be greatly increased. 

Potatoes and Sweet Potatees—Potatoes for the table use to the 
value of $116,000, and sweet potatoes to the value of $68,000, were 
shipped into Colorado in 1909. 

About half of the potatoes came from Texas,- the others from 
California, Utah, Idaho, Arkansas, and Kansas. Most of the potatoes 
came in before Colorado potatoes were ready for the market. In 
February, 1910, a car of new potatoes was received in Denver from 
Cuba. 

Over half the sweet potatoes came from Kansas, one-third from 
Virginia, and the others from California and New Jersey. From 
limited trials, it seems probable that the sandy soils in the Arkansas 
Valley are well adapted to growing sweet potatoes, and that this sec- 
tion should furnish all the sweet potatoes needed in the state, and in 
other mountain sections. 

Green Vegetables—Cauliflower, cabbage, celery, and onions 
were shipped into Colorado from California, celery from Florida, 
cabbage from Tennessee and cabbage and onions from Texas. The | 
growers of these products in Colorado need to pay more attention ~ 
to the early crops, and to methods of storage that will lengthen the 
period of home grown supplies. 


CANNED GOODS. 


California P ruitic 5 ie nese oe o3ih 1 ae ee $500,000 

OUI A ae cerca Wear ela ecahe aif ot oclaw an oe ee nRe eee 310,000 
Tomatoes..... wie aagnecheabyahceny Eieseyh inlsr ,c5. ses gee me earae 300,000 
eas wenitiia sts tures oy eR eke at oR eee 80,000 


Beans, Succotash, Sweet Potatoes, Beets, Asparagus 
and other vegetables and eastern Berries and 


PE SUT E Sis. borane afore 100,000 

Grape Jee soon, 506 cee ays schists ait aise nS ene 35,000 
(Gs Cals eee ye ore ah ci ran eg ear RR ita SO a a een 20,000 
Totalette queaet $1,345,000 


: 
This estimate is conservative. Some of the largest jobbers in 
the State consider that the actual total is nearly $2,000,000. The 
most careful estimates place the value of canned! goods put up in — 
Colorado, in 1909, at $500,000. The business in the state is increas- 


ing every year. 
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Fruit—Most of the canned fruit sold in Colorado comes from 
valifornia, some of it from states east. There is a great opportunity 
or the fruit growers of western Colorado not only to supply the de- 
aand for canned fruit in Colorado, but the demand for the best quality 
1 many other states. 


Colorado canned fruit, when properly prepared, is as much sup- 
rior in flavor to canned fruit from other sections as Colorado fresh 
pples and peaches surpass those from other states. Only a small 
roportion of the fruit trees in the fruit sections of Colorado have 
eached the age of bearing, and in a few years the fruit output of 
ne State will be increased many fold. 

As fruit production increases, the canning industry can be grad- 
ally established, and the knowledge and skill acquired to produce a 
anned product uniform and equal in quality to that of our fresh 
ruits. 

Corn.—The best grade of canned sweet corn comes from Maine. 
‘he bulk of this product shipped into Colorado comes from Iowa, 
fissouri and other states in the corn belt. 

A few thousand! cans were put up at Fort Lupton, Colorado, in 
909, In most of the tillable sections of Colorado the nights in sum- 
ier are too cool for the best growth of sweet corn. The Arkansas 
‘alley and the warmer sections of the Western Slope have conditions 
rell adapted to the growing of sweet corn for canning, except the 
amage from boll worms in the ear. In some seasons the worm 
amages almost every ear, and in other seasons the damage is very 
ight, but the uncertainty prevents the growth of the sweet corn in- 
ustry. 

Tomatoes.—Fxperts estimate’ that 7,200,000 cans of tomatoes 
ere eaten in Colorado in 1909, one-half of which were shipped into 
1e State. Most of the tomatoes shipped into the State came from 
1e corn belt, though large shipments were made from California, and 
om as far east as New York. 

Fifty thousand cases of tomatoes were shipped into Colorado 
om Utah. ‘These tomatoes were grown under conditions almost 
lentical with those found in the fruit sections of western Colorado. 

Tomatoes do well in several sections of Northeastern Colorado 
id the soil and climate of a large proportion of the Arkansas Valley 
id of the Western Slope fruit sections are suitable for growing large 
elds of tomatoes of good quality. 

_ The industry should grow until most of the canned tomatoes 
sed in the State are a home product, and the quality that can be 
roduced in Colorado will find a good market in many other states. 
E The objection made by retail grocers and by consumers to toma- 
es canned in Colorado is that they are not uniform in quality. Sev- 
al cases may be as uniform in character and of as good quality as 

best or the most expensive brands of eastern canned tomatoes, 
le in the same shipment, from the same factory, will be other 
- that contain cans whose contents are watery, often to a serious 


ee 
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degree. California canned tomatoes often have the same fault. 

Some expert handlers of canned tomatoes believe that this 
condition is largely caused by over irrigation and that it is made worse 
by the use of seeds from strains that do not produce firm fleshed to- 
matoes, by too little cultivation and by a too high temperature in can- 
ning. 


The best canned Colorado tomatoes are equal to the best pro- 
duced in any other part of the United States, and the industry needs 
the intelligent co-operation of the seedsmen, growers and canners to 
produce a uniform quality of high grade. 

Peas.—The peas canned in Colorado by Empson are equal in 
every respect to the best grades of canned peas produced anywhere 
else in the world, and if a sufficient supply was produced, they could 
be sold anywhere on the globe where canned peas are wanted. They 
are the only canned peas produced in the United States equal to the 
French peas. 


About 90% of the canned peas used in Colorado are from the 
Empson factories, and most of the peas that are shipped into the 
state are brought here because jobbers want their own names on the 
cans and the Empson factories refuse to do this. 

Beans, Succotash, Sweet Potatoes, Beets, Asparagus, and Other 
Vegetables —These can profitably be canned in Colorado in quantity 
and of the quality required to supply all the demands of the state. 

Canned Goods.—This industry can be developed until a sufficient 
quantity is produced not only to supply the demands of Colorado, 
but a much larger market in other states. Before this can be effected 
a uniform, choice quality must be produced season after season. 

The Empson canned peas produced in Colorado are not surpassed 
by those produced in any other part of the world. Mr. Empson de 
termined the most suitable varieties the best strains of these varieties. 
and the methods and locations for producing and maintaining seed 
that will secure high quality in the crop. He ascertained the char- 
acter of soil that will produce the choicest flavored peas, and he 

allows peas to be grown on that kind of soil only. The methods of 
a as cultivation, irrigation and canning that produce the choic- 
est quality of peas were all discovered and then adopted. 

It will require similar methods to give Colorado canned fruits 
berries, tomatoes and vegetables the same standing through th 
United States that is now held by Colorado fresh fruits and potatoes 
Many towns in Colorado are planning to establish canning factories 
Such factories will be profitable only when methods like those of Mr 
Empson are adopted. 


DRIED FRUITS. 


Dried“ Pruitsoe oon Rss Sohne etre eee eee $500,000 


A large proportion of the dried fruits shipped into Colorade 
come from the Pacific Coast. 
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The dried fruit industry has been started in a small way on the 
Western Slope in Colorado. Apples, peaches and prunes make up 
he bulk of the product. 

Jobbers and grocers complain that Colorado dried fruits fail to be 
iniform in quality, and state that the production of dried fruit will 
lave to go through the same stages of development through which 
he production of fresh fruits and potatoes has passed before Colo- 
ado dried fruits will have a high standard in the markets of the 
Jnited States. 


PICKLES, CATSUP AND CANNED BEANS. 


Pickles. C@oloradoe \SOLtS mee eae es cee) essen oat $50,000 
(CEASE ee eae eee Gear. 2) ooo 2a) ean en eee 50,000 
POritand sBeats soi ian ae eePNR Re acer sociales clay sic yw eth oi 75,000 

BOE Alem rcs cadets og.) x\a $125,000 


Pickles—The pickle industry is comparatively new in Colorado, 
ind is annually increasing. The pickles put up by those of our 
nanufacturers who are skillful and have had experience are fully 
qual inevery respect to pickles shipped in from other states. Grow- 
ng material for pickles gives good profits to the farmers who under- 
tand the business and the industry is likely to have a continual steady 
rrowth. 

Catsup.—Some Colorado catsup is equal to the best eastern 
yrands and some is of poor quality. Consumers do not feel certain 
yf the quality and many prefer to buy eastern brands that are good 
ind always uniform. Greater care on the part of all Colorado mak- 
rs of catsup could overcome this difficulty: 

Pork and Beans.—The large demand for eastern brands of pork 
ind beans seems to have been created largely by the expensive ad- 
ertising given these brands in magazines and ladies’ journals. 


WHAT THIS INQUIRY SHOULD SHOW COLORADO 
PHOPELE. 


This investigation shows that over Thirty-one Million Dollars 
were sent out of Colorado in 1909 to buy agricultural products that 
hould have been produced in the State. This heavy drain on the 
tate is annually increasing. 

_ The entire output from the metal mines of Colorado, for 19009, 
s reported by the State Commissioner of Mines, Mr. T. J. Dalzell, to 
$33,211,527, as follows: 


(HOOF SECS 52s Ne ae URIS Sree St ok res pent ear 1,220,642 — 
ME ALTC IR cs od RAR 2 colo ecviggiwic bm 1. 2,295,046 
ECS LO TIMmME Te Ni wt, orotate my ate cat ecdclaag Oo.) avuirecet 2 396,000 


\ ERO falhere wey ta oeecon $33,211,527 


- 
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The gross returns from our metal mines was but little more 
than sufficient to pay for the agricultural products shipped into the 
State. The gross product of our silver mines was not quite suffi 
cient to pay for the dairy products shipped into the State. The gross 
returns from silver, lead and copper were slightly more than enougt 
to pay for the meat and meat products shipped into Colorado. Al 
the zinc mined would a little more than pay our bill for eggs shippec 
in. 

Nearly every agricultural product shipped into Colorado coulc 
have been more easily produced in the State, at a greater profit, anc 
under conditions more enjoyable for the producer than in the sec 
tions where it originated. 


The following figures from the United States Department of Ag: 
riculture show the average yearly yields per acre for the past tet 
years, and indicate the larger yields in Colorado: 


WHEAT OATS BARLEY | POTATOES HAY 

Bu. Bu. Bu. Bu. Tons 

Colorado........ 24.8 34.2 33 122 223) 
TPAGIANA sarccese-|. der ectees 29.1 25.6 Sf 1.36 
NMOS eee clan essee eee 31.3 28 85 IRB} 
OWA .secs nce 13.8 30.1 26 83 1.62 
Kansas............ 11.6 24.4 19.7 77 1.42 
Nebraska... ... 12.6 26.9 24.4 84 1.57 
Wisconsin..... 15.7 33.4 28.8 92 1.56 
Minnesota. . Weert 31.6 25.8 86 1.66 


Although Colorado produces high yields of grain, yet ten mil. 
lion dollars were sent out of the State in 1909 for grain and graif 
products. The conditions of climate are ideal for growing beef ani: 
mals, and the feeds produce beef of a choice aioe yet one mil: 
lion eight hundred thousand dollars were sent out of the State 
for fat cattle, beef and veal. Pork can be produced at less cost ane 
of better quality than it is being produced in the corn belt. Wi 
sent out in 1909 over four million dollars for hogs, pork and pork 
products. Both climate and feeds are adapted ‘to the economica 
production of dairy products, still we sent out nearly five milliot 
dollars for these products, alone. Four million dollars were se 
out for eggs and poultry, while our few expert producers of these 
products were making nearly double as much, per hen, as was being 
made in the States from which we made these purchases. 4 

Why, then, with such favorable conditions, did we send ot 
thirty-one million dollars for agricultural products that could hav. 
been more profitably produced in the State? Because there was 
not a sufficient number of farmers in the State. Almost every far 
er in Colorado is undertaking more than he can accomplish well, a 
it will be impossible to increase the present agricultural output 
the State to any considerable extent, unless we secure more farmer: 
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With many products shipped into Colorado, the consumption 
ould be larger could home products be secured. When people are 
liged to use cold storage eggs, the consumption drops to a frac- 
yn of that when fresh layed eggs are available. More meat, more 
itter, more cream and milk, and more fruit and vegetables are 
ten when strictly fresh, home produced products can be secured. 

We need 30,000 more farmers this year in order to produce the 
ricultural products that will be consumed in the State. We need 
en who are skillful in the management of beef and dairy cattle, 
es and poultry; grain, fruit and vegetable growers, and men who 
n produce choice raw material for canning and pickle factories. 

.The potatoes and fresh fruits grown in Colorado have a Nation- 
reputation for choice quality and there is every reason to believe 
at if asurplus above home needs were produced, a_ large 
mand could be created in other States for Colorado meats, dairy 
oducts, poultry and eggs, seeds, canned goods, and dried fruits. 
will require thousands of farmers to produce a sufficient surplus 
these products to secure a large outside market. 


SECURING ESTIMATES. 


The figures given in this bulletin are estimates only. They are 
sed on the most accurate data that could be secured and are con- 
rvative estimates, considered in many cases by the largest handlers 

the products to be low. 

The writer has had charge for over three years of the Farmers’ 
stitute Work of the Agricultural College and during that time has 
aveled over 60,000 miles in Colorado. During the three years he 
id his associates from the college in Institute Work, 35 in num- 
r, have been collecting data in regard to the agricultural products 
iginating in the State and those shipped in. The data so obtained 
ve been used as the basis for these estimates. 

In addition to the above information the railroads furnished us 
ith a statement of the exact number of tons of each agricultural 
oduct from the Missouri River, Eastern and Texas points that 
ene shipped in 1908, and in the first four months of 1909, into, but 
t through, Colorado, to Denver, Colorado Springs, Pueblo, Trini- 
d and other points by wav of the Santa Fe, Burlington, Rock Is- 
nd, Missouri Pacific, Union Pacific, Rio Grande and Colorado & 
uthern Railroads. These figures were used as the basis for esti- 
ates where accurate statements for 1go9 could not be secured. 

The Rock Island and the Denver & Rio Grande furnished state- 

ents of the exact tonnage of all agricultural products brought by 
these railroads in 1909. 
_ The Burlington and Union Pacific Railroads furnished us the 
nnage of grain and grain products brought by them into Colorado 
1909, and the Union Pacific gave us a statement of the tonnage of 
y brought into the State by that railroad in 1909. The Santa Fe 
uilroad furnished us a statement of the tons of grain and grain 
oducts brought into Colorado in 1909 by that road. 
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The Denver Union Stock Yards furnished a statement of the 
number and value and origin of all fat animals shipped into Colorado 
in 1909. 

The quantity of meat and meat products shipped into Colorado — 
in 1909 was secured from the railroads and the values were fur- 
nished by the experts from the Colorado Packing Company. 

The estimates on the value of butter and cheese was made after 
securing figures from all the large handlers of these products. 

The estimates on eggs were made from the combined estimates 
of eight of the largest handlers of these products in the State, to-— 
gether with information obtained during the past year by Professor — 
Vaplon, the Poultryman of the Agricultural College, and myself in _ 
most of the towns in Colorado. The estimate on poultry was ob-— 
tained in the same way, and in addition, information was obtained — 
in regard to the amount being sent out of Colorado through the 
banks for poultry. ; 

The estimate on condensed milk was secured from the Con- 
densed Milk Factory at Fort Lupton, and from the jobbers of thisy 
product at Denver, Colorado Springs and Pueblo. 

The estimate on Malted Milk was secured from wholesale and 
retail druggists. 

The information in regard to grain and grain products was ob- 
tained from railroad records, from millers, from wholesale dealers in 
flour and feed and from bakeries. 

Seedsmen in Denver and Pueblo and records from _ railroads 
furnish the information in regard to seeds. , 

Data in regard to fresh and dried fruits and vegetables were 


oh 


Mr. Geo. Knifton, Denver, was particularly helpful in securing this 
information. The estimates on canned goods, pickles and condi- 
ments are based on information furnished by the largest jobbers in 
these products in the State, and by canning and pickle tactories. 

The estimates on hay were based on records of shipments fur- 
nished by the railroads and information given by large handlers of 
this product. The information in regard to broom corn was secured 
from the chief handlers of this product in Denver and Peublo. ; 

We shall be very glad to receive corrections and additions to 
these estimates from any reliable source. a 
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REPORT OF ALFALFA INVESTIGATIONS. 


By PHILO K. BLINN. 


The attempt to improve the hay and seed yielding traits of 
lfalfa, by systematic seed selection, has had decidedly encouraging 
esults; although it may yet require several years of close observa- 
ion to fully determine the best types for hay and seed production- 

The conclusions from some of the observations, have been 
ather doubtful, and there are reasons for discounting the value of 
ome of the contrasts that have appeared; for instance, the selec- 
ions, for ideal leaf, and stem qualities, made the first season, dur- 
ng the seedling growth of the plants in the nursery, have since 
roven of little value, as there was a decided change in the type of 
oliage, when the plants took on a more rapid and succulent growth: 
‘he same result would follow, as the effect of environment, rather 
han heredity, for any trait that might appear; hence, the problem 
s to select plants that have an inherent power for the reproduction 
f desirable qualities ; but, with nearly a hundred strains to consider, 
nd at least a score of points of variation appearing in endless com- 
ination, this has not been an easy undertaking. 

Several of the varieties tested, show contrasts of decidedly 
ratical value, such as, hardiness, habits of stooling, qualities of 
esistence, to drouth, frost and fungus diseases, leafy hay qualities 
nd prolific seed yields. ‘These valuable traits are not found in any 
ne variety, and it is difficult to say which strains, have the points 
f greatest utility; it is certainly obvious, that marked improvement 
ver most of the ordinary types, of alfalfa is possible, if only seed 
f some of the strains tested, could be procured, which however, is 
ifficult, as different lots of seed supposed to be the same, often 
rove entirely different. 

It is impossible to identify the seed origin of a field of alfalfa, 
nd it is equally difficult, to make varietal distinction, in the points 
at are casually observed; for with few exceptions, the same col- 
red flowers, the same shaped leaves, and the same general type of 
lants, may be found in nearly all varieties, and there is often 
greater range of variation in the individual plants of a single 
train, than in the contrast of so called varieties. 

It is difficult to judge the merits of alfalfa, growing under 
ifferent conditions of soil, and cultural care; but, in a comparative 
st under uniform conditions, the contrasts are clearly shown, also 
1 nearly all varieties it is easy to recognize the superior qualities of 
ome of the individual plants; which suggests the SINGLE PLANT as 
1e UNIT for seed selection. 

The results of our nursery work with individual plant selec- 
ions have revealed the facts, that in plants, showing desirable 
ualities, some will reproduce the traits, quite uniformly true, while 
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others, will breed irregularly the qualities, that were apparently the 
same; hence, heredity in alfalfa plants can not be determined, by a 
cursory view, but more by the comparison of their performance 
records. 

The plan is now, to make individual selections of seed from 
the most highly efficient plants, revealing desirable traits, where 
ever found, in any of the varieties, and then submit them to a fair 
comparative test for their reproducing tendency, thus, affording 
an opportunity to intelligently select and increase seed of alfalfa, 
with known uniformity, of qualities, for testing in different sections 
of the state. Some of the principal qualities, that have engaged — 
the attention in this investigation are—Hardiness, there are few — 
fields of alfalfa that have not suffered from the lack of this trait, 
plants dying out, either form frost, drouth, soil conditions, or plant 
diseases. The superiority in this respect, of the Turkestan and — 
more hardy kinds, over the Arabian, or southern variety is very 
marked indeed. 


PLATE I, CONTRAST OF HARDINESS BETWEEN SOUND TURKESTAN AND 
UNSOUND ARABIAN PLANTS 


The contrast between two, two year old plants, from the 
nursery, can readily be seen, one perfectly sound, the other wita 
the crown nearly all rotted off, and each having grown under th 
same conditions, and also representing fairly the condition of th 
plants, in the plats from which they were taken; showing a lack 
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LATE II, Two ADJACENT TURKESTAN PLANTS, May 3, 1909, Two Days AFTER FREEZE OF 18° 


No.1. Dark green foliage pratically uninjured. 
No.2. Light green foliage; leaves and stems entirely frozen back. Both U.S. P.. I. No. 18,425 
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of vitality. Another contrast along the same line, was in regard to 
the frost resistance of the green growing plants; on April 26, 1908, 
the weather dropped to 22 degrees of temperature. 

The alfalfa in the nursery plats, a foot in height, was frozen 
stiff, but when the sun thawed them out, some plants were excep- 
tionally free from injury; the light colored foliage, seemingly to 
have suffered most. 

The past season, the temperature dropped to 18 degrees, on the 
last of April, and the alfalfa was again severely frozen back, and 
with the same results, of a contrast in resistence, but not uniformly 
in the same plants as the year before, but the dark green colored 
plants, were the most frost resistant. As a variety, the Turkestan 
plats, were the least injured; two plants from a plat of Turkestan 
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PLATE III. ConvTRAST OF STooLING HaBITS 


a 


alfalfa, U. S. P. I. No. 18,425, show marked contrast in this trait. 
Several plants showing frost resistance have produced seed, 
which has been secured for future testing for this feature. 
One of the most valuable qualities in the alfalfa plant, is its 
habit of stooling, and its power to push out growth for three to 
four crops of hay a year, almost indefinitely; the nursery plats hat 
ing been thinned to single plants twenty inches apart each way, gavé 
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an excellent chance to observe the stooling habits of the different 
varieties ; here again the Turkestan plats were exceptionally good, 
better than any other; and in some plants there is a tendency to root 
down, from the crown branches, which would be a very desirable 
trait, to thicken a poor stand, or to maintain a stand of alfalfa on 
poor soil condition, if it could be better developed. 

A contrast in stooling habits is shown in Plate No. III, the 
larger being from the Turkestan plats, compared to common al- 
falfa, with main roots over an inch in diameter. In each case, the 
plants are three years old. 

The tendency to start growth early in the spring, is a variation 
that is characteristic of the Turkestan alfalfa, and some others; as 
early as March 17, in 1908, these strains were showing green shoots 
three to five inches high, above the ground, while under the same 
conditions, the native and some other strains, remained dormant 
full three weeks later. It has now been observed, that a correspond- 
ing check in the growth of these very early varieties, takes place 
late in the fall, and it is doubtful if this variation is of any value, 
for the crops in the spring, are so often set back, or cut short, by the . 
late spring freezes. 

Our observations, and the reports from several other sources, 
have been to the effect, that horses will prefer the Turkestan alf- 
alfa in a pasture, over the ordinary kinds. This fact seems to be 
well established, but a comparison of the different varieties, has not 
been made, nor has the reason for this preference been demon- 
strated, but it is doubtless due to a better flavor that the horse 
appreciates. 

The contrasts in disease resistant tendencies, in alfalfa are 
sometimes very marked, but the plats that have been most affected 
by a disease one season, have not always been the same ones the 
next; so there seems to be a little question, as to the reliability 
of these observations. As in the case, of frost resistance, it is the 
dark green colored leaves that seem to be the least affected by the 
mildew or “leaf-spot.” 

The presence of leaf fungus affects seriously the leafiness of 
hay, and the search for plants that were the least affected, have 
been carefully sought in our seed selections. 

The richest part of alfalfa hay is in the leaves and small stems. 
hence, a dense foliage, giving a high per cent of “leaf-to-stem” 
quality should be a dominant point in the selection for hay type; 
and selections for this point have been carefully made. 

Plate No. IV, shows the contrast in the uniform production 
of leafy traits, in two rows, sown last May with the seed of appar- 
ently equally good selections, for this trait. 
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All the desirable points previously mentioned, have not been 
found associated with the most ideal types for hay, but a wider 
selection may secure the desired end. 

The selections for seed yielding traits, have been very positive 
in their results, and the contrast in the production of seed in the 
different varieties, have been the most marked of all. Most of the 
Turkestan plats producing practically no seed, while others among 
the sixty-four plats in the nursery, have produced the phenomenal 
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PLATE IV. CONTRAST IN LEAFINESS 


yield, of two and one half pounds of clean seed, from a square rod, 
with less than one hundred plants. 

The varieties that have been the heaviest seed yielding ones, 
one year, have also, been the best the following season ; single plants 
have produced two ounces of clean seed, and the plats sown with 
the seed of these selections, have in turn been heavy seed producers; 
so that this trait is to some extent an inherent quality. We have 
made over a hundred selections of individual plants showing desir- 
able qualities, and Plate No. V, shows the comparison in seed 
yield of a few of the average plants. 4 

While the seed yielding tendency, may be greatly affected by ~ 
the hereditary traits, it is doubtless more generally influenced by ~ 


Report OF ALFALFA INVESTIGATIONS 9 


the climatic and cultural conditions. All the observations on this 
point seem to indicate the fact, that outside of insect injuries, the 
proper supply of moisture, is the greatest factor in determining the 
seed yield of alfalfa. The heaviest yield of seed is produced, when 
the plants make a relatively slow dwarfed growth. 

Under irrigation, the usual system of flooding supplies too 
much water, and the alfalfa grows too rank for a seed yield; on 
the other hand, without irrigation, the seed fails so often, to fill, on 
account of the lack of water. But where the roots can penetrate to 
just the proper condition of moisture, or when irrigation is applied, 
at just the right time and amount, the happy medium is reached, 
and a good yield of seed is realized. 
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PLATE V. CONTRASTS IN SEED YIELD OF INDIVIDUAL PLANTS 


| Samples taken at random. Beginning at left, No. 1, Argentine; No. 

2, Arizona; No, 3, dry land, Nebraska; No. 4, from Rocky Ford; No. 5, 
urkestan; No, 6 and 7, U. S.; No. 8, U. S., No, 17,698, northern Montana, 
vidently Turkestan, 7 grams; No. 9, dry land, Nebraska; No. 10, High- 
ore, S. D.; No. 11, Argentine; No, 12, Argentine. 

The only practical method to regulate moisture, or to control 
trigation for alfalfa seed culture, is to sow the seed im rows with 
pace, to permit intertillage to conserve the moisture from rains or 

inter irrigations, and to enable the rows being “logged” out with 
lear cut furrows, in about every other row; so that the lightest 
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possible irrigation may be applied quickly and evenly at the proper 
time, as the needs of the crop may demand. 

A thin stand of plants on the ground, seems also necessary to 
produce good results in seed yield. The stems growing more 
stocky, and the plants standing some little space apart, the branches 
will entwine each other, so as to brace, and prevent lodging from 
wind or heavy storms, which is disastrous to an alfalfa seed crop. 


PLATH VI. A Five ACRE FIELD OF ALFALFA IN Rows TO TEST 
SEED PRODUCTION 


The smooth furrows will also serve to provide good drainage 
from excessive rains. 

This system has been followed in the nursery plat work, and 
it has been successful apparently. The plan has been reported a 
success in other states, and it seems practical, to be applied on a — 
large scale for growing seed commercially. 
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THE FIXATION OF NITROGEN IN SOME 
COLORADO SOILS. 


By WM. P. HEADDEN. 


It has often been claimed that “black alkali’ exists in Colo- 
rado. This idea has arisen because of the existence of certain 
black or brown spots which are met with in some localities. The 
color of these spots is not due, as has been supposed, to the presence 
of sodic carbonate, to which the name of black alkali has been ap- 
plied, but to other causes. This salt, sodic carbonate, constitutes a 
very small percentage of our alkalis and occurs in but one section in 
such quantities as to be injurious to vegetation. ‘There are several 
independent occurrences of this salt in the section alluded to, but 
they are close together and are within an area of a few hundred 
acres. This occurrence has nothing in common with that of our 
alkalis, it is not disseminated through the soil but constitutes lakes 
of sodic carbonate, small ones, it is true, but real lakes having ap- 
parently no connection whatever with the surrounding country. The 
source of this sodic carbonate is without doubt certain underground 
waters and has no direct relation to the formation of carbonates 
in semiarid countries. The soils of Colorado do not contain any 
deleterious quantities of this salt and the so called alkalis seldom 
contain any large percentage of it. ‘The composition of Colorado 
alkalis has been a subject of investigation practically all of the time 
for the past fourteen years or more and it is pretty well established 
that there is but one type of alkalis in the State and that this is the 
white alkali, namely, a mixture of sulfates with some chlorids and 
carbonates, the latter ranging from nothing to Io or II per cent. 
We have some variations based on the respective bases which may 
be predominant. The term alkali is used to designate any and al} 
efflorescent salts which form white coatings on the soil or the 
grass, sticks, etc., which happen to be present and protrude from 
the surface. ‘The popular term does not take cognizance of the 
chemical distinction made between alkalis and alkaline earths and 
the term is here used in its popular and readily understood sense. 
In some places, due to easily recognized conditions, we have almost 
pure calcic sulfate, in others, sodic sulfate, and in one rather large 
section magnesic sulfate is very abundant. We have no type in 
which either sodic chlorid or sodic carbonate can be said to be really 
abundant. We have examined some soils with the express purpose 
of trying to find out whether it would be reasonable and right to 
attribute their unproductiveness to the presence of salt, sodic 
chlorid, but no justification for such a conclusion has been found 
except possibly in two cases. The soil samples chosen were such as 
were believed to possibly owe their unproductiveness to this cause. 
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The areas involved varied greatly in size, some of them were very 
small. This was the case with both of the samples which might be 
considered as containing salt enough to be detrimental. The data 
at my command indicates that about 1.5 per cent of the soil is the 
superior limit which most plants can endure, though 1.8 per cent 
is given for some. The highest percentage for water soluble chlorin 
obtained from any soil is 1.025; the highest percentage of total 
chlorin is 1.887 per cent. As the highest percentages of chlorin are 
scarcely above the maximum of tolerance for some plants and these 
have been obtained from two small spots only, the question of 
chlorin may be neglected in considering the bigger features of the 
subject even if applicable to these isolated examples. 


It is a fact recognized only by a few persons so far that we 
have in Colorado some very serious problems. On some of our soils 
the agricultural results, even under the best of practice, present 
surprises and disappointments. A well trained and experienced 
agriculturalist made the remark very recently that the results from 
an agricultural standpoint grew worse instead of better as the 
practice of the people approached more nearly to those standards 
which have been and are recognized as the best. This is no exag- 
geration but represents a real difficulty. Melon growers have no- 
ticed for several years that their old grounds have not been pro- 
ducing the same good grade of melons that they produced in former 
years. In some sections the quality of the sugar beets has shown 
a falling off. These are general effects the causes of which may or 
may not be difficult to trace out. It is in specific cases of injury, in 
exaggerated cases of the operation of such causes that we may best 
succeed in tracing them and such is the case in this matter. The 
diffused action over square miles is not intense enough to make 
definite recognition or a reasonable interpretation of the facts pos- 
sible. It is only by the aid of extreme cases that we acquire the 
data whereby to interpret the ordinary manifestation of the cause. 
In looking over a field in a high state of cultivation, especially a 
few days after irrigation, the appearance of broad brownish lines 
just at the outer edge of the irrigation furrows is not a striking 
feature and usually would be interpreted that the land had been 
heavily fertilized, or was rich in humus matter, but under no con- 
sideration that it might be indicative of danger. My attention was 
directed to a melon patch last season, 1909, which was sick, this is 
the term used. ‘There was no rust, no insects, nothing visible to 
indicate disease. The melon plants were, however, puny and un- 
thrifty. The soil was in fine condition and had been cultivated for 
several years and fertilized. A melon patch on adjoining land which 
had been in alfalfa was healthy and vigorous. ‘These plots were 


separated by the usual wire fence; the soil was the same; the water 
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used for irrigation the same; the cultivation in both cases was ex- 
cellent; the men were not new hands-at growing melons, the only 
difference was that the one patch was on a piece of recently broken 
alfalfa ground and the other on ground that had been cropped for 
several years. ‘There were no features of either soil which would 
suggest to anyone not conversant with certain facts, that there was 
any difference in these fields suggestive of any explanation for the 
difference in the growth of the plants. It was only after having 
these certain facts forced on my attention for years that they really 
became suggestive to me. 

The brown lines along the edge of the irrigation furrow might 
mean heavy fertilization with barnyard manure; it might be due 
to other perfectly harmless if not beneficient causes, but in these 
cases they are probably significant of the causes producing the dif- 
ference in the growth of these young plants. We do not hope in 
the present bulletin to succeed in tracing out general relations, this 
is a work for the future concerning which we only promise that it 
will be prosecuted diligently, with the care and conservatism that 
its importance demands. It is proper that we should meet the ques- 
tions presenting themselves in our agricultural practices with only 
one view, to find out the facts as they obtain at the time 
without predicting results; though they seem to be already certain 
and only lack verification. For these reasons no attempt or but 
little attempt, will be made to more than set forth some facts which 
have been established, reserving much detail work and the extension 
of this work in bacteriological lines for the future. Work of this 
kind is already in progress and some results have been attained, 
but the work is not ready for publication. 

No one can foresee what the problem of the fixation of an ex- 
cessive amount of nitrogen in our soils may develop into, whether 
it means the introduction of a new practice or a serious difficulty 
which we may not be able to control. It may for a while present 
difficulties because we know but little about such a thing. But if 
it should prove to be a permanent condition in our soils I am cer- 
tain that we shall be able to find some remedy perhaps not immedi- 
ately, but quickly. 

Fortunately the trouble expressed itself locally with great vio- 
lence during May and June of 1909. By fortunately it is not 
meant that it was a good thing that certain persons suffered loss 
but simply that the loss was so severe that the people of whole 
neighborhoods have seen with their own eyes, that something 1s 
very seriously wrong, for the sudden death of a large portion of an 
orchard is convincing proof of this. At this time the foliage of 
many trees, apple trees mostly, showed a burning, beginning at the 
apices of the leaves, extending rapidly along the margins until the 
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whole leaf had turned brown and was of course killed. Many trees 
died from this cause. Plate I shows leaves with burned edges. 
This trouble was not confined to any one section but was common 
to several sections of the state. While it, in all probability, de- 
pends upon soil conditions, these conditions are met with in so many 
places that it is necessary to consider the condition rather than the 
soil itself. It sometimes occurred in light and sandy loams and 
sometimes in clayey soils. It is sometimes in comparatively low lying 
lands, again in the lower lying portions of higher lands and again on 
hillsides. ‘The road side, a ditch bank, and the cultivated fields rep- 
resent the range of places in which this thing may reveal itself. 
There is one thing common in all of its occurrences, namely, a 
brown color in the surface soil. This color is less marked in the 
sandy soils than in the so-called adobe soils. Perhaps this is due to 
the presence of deliquescent salts on the surface of the adobe soils, 
or more probably to the color of azotobacter films. 

The preceding gives in a very general way the big features 
of the question forming the basis of this bulletin. We have cer- 
tain soils, quite generally distributed throughout the principal sec- 
tions of the state, which develop what is popularly known as “black 
alkali” but the popular judgment in regard to the cause of the dark 
color is wholly wrong because they have adopted the term from 
California, where it has a fixed and definite meaning, whichis not 
applicable to our case. While it is not advisable to do so we may ~ 
occasionally use the term because these dark spots are designated — 
by the people as “black alkali.” Nitre spots will, however, be used — 
as the equivalent of the popular term “black alkali.” We have so — 
far as is now known, no land, unless it is some near a peat bed, to © 
which the term “black alkali” properly applies. : 

Reports of black spots on which “nothing will grow’ have — 
been received at this department quite frequently during the past — 
four years, and occasionally prior to that time. While at work in 
the San Luis Valley several years ago, my attention was called to — 
what was supposed to be indications of petroleum. We drove ~ 
through a small section of the country and observed quite a numbef — 
of round, black spots absolutely devoid of vegetation, the surface — 
was glistening and appeared as though wet. It was frequently the — 
case that these bare areas were occupied by an ant hill but a great 
many of them were not. I mention this because I thought at first — 
that the ants might have something to do with the color and ap- — 
pearance of these spots, but there were too many spots without — 
ant hills in order that this should hold true. ; 

Samples from the surface of these spots proved to yield 13. 4 
per cent of their air dried weight to water, and on evaporation this 
soluble portion proved to be so deliquescent that it could not be 
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evaporated to dryness at 100° C. and was finally dried at 160° C. 
at which temperature it smelled faintly acid. Incipient decomposi- 
tion had taken place. This analysis, as all of those given in this bulle- 
tin, presented some difficulties, which every chemist will recognize 
and for this reason moisture, organic matter, etc., have simply been 
given as loss. 


ANALYSIS I. 


WATER SOLUBLE PORTION OF SOIL FROM BLACK SPOTS, 
Laboratory No, 584, 


Per Cent. 

CIKGEKO®” [SID B Guage eer leer eee al aie Arce ic RRNA CR ee SM 46.883 
Searles (Chan Moats [nek i cane ince Ents 1s i 10.032 
“CEIGHG. RR GEN VES oc ree ct eb hes A 12.072 
NE FEEYSE EON ITE Bee IIPS SEEN oot A Ea eae 17.878 
NEG SUG NGI Eh ERED Se Be ASS Rs a ie vi ce eo 6.038 
RADA STCLON TEAL C) Lent: SINEAD iw WEAN Celts eto cv Laisa’ ai elaatvece ee) « 68.7. 
RSPAS ASEAN C33 Clee te ere area RAE Sean Sas ict icieaiiais, sisalie swt Sae wp ouee 3 0.365 
Osta CWA OFSANICAIMALLCI CC.) cue vcidid os scien tne ee nee 0.861 
100.009 


The sum of the nitrates is 41.859 or 5.628 per cent of the sur- 
face soil. 

This analysis represents a spot possibly 12 feet in diameter 
and almost circular. This is, taken alone, no large area but there 
‘were a number of these spots all entirely devoid of vegetation, most 
of them black and glistening. There were others occurring under 
different conditions, namely, as round or elliptical, somewhat ele- 
vated spots and these, too, were unproductive, but there was a zone 
about the edges of these spots where oats, barley, and wheat grew 
luxuriantly. Many other anomalous things were met with in this 
section of the state. In some places there were no apparent reasons 
why crops should not, but they did not grow. In others there was 
some alkali but the amount of it was less than in others where the 
crops, not necessarily the same crops, were very good. An analysis 
of this alkali showed it to be essentially sodic sulfate with some sodic 
chlorid, about 5.5 per cent of the water soluble, and a relatively 
large amount of potash with some lime and magnesia. Neither 
the quantity nor the composition of this alkali affords a satisfactory 
explanation for the very bad condition of the crops. Only the 
alkali was collected at this place with as little soil as possible, the 
idea being that it was probably the composition and not the quantity 
of the alkali that might be producing the trouble. Twenty per 
cent of it was soluble in water, and ninety per cent of the soluble 
consisted of sulfates, six per cent of chlorids and about three and a 
half per cent of silicic acid, etc. The presence of nitrates was not 
suspected but subsequently it proved that the water soluble portion 
gave a strong reaction for nitric acid. This is suggestive only and 
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not conclusive that nitrates might have been present in sufficient 
quantity to have caused the poor growth of the barley. 


The explanation for the barren condition of these spots seems 
plain after the analysis of the surface portion of one of them re-— 
vealed the presence of a little more than 5.5 per cent of nitrates. 
The suggestion that nitrates might have injured the barley seemed 
at first almost absurd but the fact that a few grams of earth taken 
’ from the surface of the field contained nitrates enough to give a 
strong reaction for nitric acid with ferrous sulfate removed the 
absurdity of the idea and indicated that it might have been the case. — 


Complaints of brown spots “on which nothing will grow” have 
been common, more so of late years than formerly. This may mean 
that the spots are becoming more common or that the land having 
increased in value more attention is paid to them. ‘The former is 
probably the case as the complaints are coming from different — 
places and often state that alfalfa, for instance, is dying in spots. 


The case of a young orchard of 20 acres presents many inter- 
esting points. The trees were first set in 1906, in the spring of — 
1907 many of them were reset especially in a strip beginning at the 
N. E. corner and running almost directly southwest through the — 
orchard. These trees likewise died and this strip is in no better con- — 
dition now than it was then. - The surface of the ground was brown, — 
not only had the trees died, but all sorts of vegetation. The ground — 
was bare and has continued in this condition till the present time. | 
The surface presented no other points indicative of any abnormal 
condition, i. e., than the brown color and its total unproductiveness. 
Had this soil been plowed and harrowed, no one, however proficient 
in judging of land, even of alkali lands, would for a moment have | 
suspected that this was other than a very desirable piece of land. 
I have been on this land and could scarcely believe the things that 
I knew to be facts. The land had been recently disced and it was 
only by looking rather closely for the signs which I had recognized — 
as suggestive that I could convince myself that the trouble had not 
disappeared. The one important fact that remained was the pres- 
ence of dead trees. ‘The death of these trees was not due to neglect 
or abuse or the lack of any care that good judgment dictated — 
might be needed to make them grow. There was but little or no ~ 
efflorescence on the surface. There was in some spots a little 
incrustation, very slight, but this was brown rather than white. For 
the sake of convenience the surface soil on which this occurred is — 
designated in my notes as efflorescence on brown spot. ‘This spot 
was barren. ‘There was no free water at a depth of 214 feet. But. 
below this point the ground was very wet and one could push an _ 
auger down for several feet without turning it. This condition 
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will be described a little later. This sample of surface soil with 
its incrustation yielded 22.466 per cent soluble in water. We will 
designate this orchard as No. I. 


ANALYSIS II. 
WATER SOLUBLE PORTION OF SURFACE SOIL. Orchard No. 1, 


Per Cent. 
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The sodic nitrate or its equivalent constitutes 6.54 per cent of 
this surface soil. The first impression, especially in the field, was 
that salt, sodic chlorid, was the cause of the trouble, but the analy- 
sis reveals the presence of another salt which is beyond all question 
not only more toxic but present in more than double the quantity. 

The next sample was taken immediately below the preceding 
and included the next four inches of soil. ‘The air dried soil yielded 
3.4 per cent of salts to water. 


ANALYSIS III. 


WATER SOLUBLE PORTION OF THE FIRST FOUR INCHES OF SOIL. 
Orchard No. 1. 


Per Cent. 
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The organic matter in this sample was very abundant. The 
nitrates calculated as sodic nitrate equal 1.107 per cent of the air 
dried soil. 

The next sample was collected in a spot occurring in an alfalfa 
field, belonging to the same party and west of Orchard No. 1. This 
spot was quite wet, though it had received no irrigation for about 
five months. ‘he sample was taken in April, 1908, and to the 
depth of five inches. The air dried material yielded 7.778 per cent 
of its weight to water. The residue was quite deliquescent. Dried 
at 110° it smelled faintly acid. 
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ANALYSIS IV. 


WATER SOLUBLE PORTION SOIL FROM ALFALFA FIELD. 
West of Orchard No. 1. 


Per Cent. 
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The amount of calcic and magnesic chlorids in this soil is quite 
surprising. ‘The presence of these salts in a soil extract is quite rare 
with us. I have met with a few other instances in which these 
chlorids constitute a considerable portion of the aqueous extract of 
the soil; in an extreme case it proved that they constituted a little 
over 55.0 per cent of the aqueous extract; there was in addition to 
these 25.5 per cent of sodic and 3.8 per cent of potassic chlorid, or 
a little over 84.3 per cent of chlorids in all. This sample contained 
a heavy trace of nitric acid but was not collected in Colorado. We 
will find in this investigation a few samples which carry even 
larger percentages of calcic and magnesic chlorids than the one 
whose analysis is given above. The nitrates in this sample consti- 
tute 2.571 per cent of the air dried soil. It is remarkable that the 
surface soil should contain so large an amount of the very soluble 
nitrates and chlorids considering its wet condition. ‘The alfalfa was 
dead but the crowns had not yet entirely rotted, indicating that 
they had died recently and that the present conditions had not 
obtained for any very long period. The study of conditions in this 
alfalfa field was not prosecuted further as the orchard presented 
better conditions for our purposes and it is impossible to study 
every instance of these conditions which presents itself. 

The next sample was taken 60 feet north and west of the first 
orchard sample, analysis No. II., to a depth of eight inches. 

There was no efflorescence or crust on the surface of the soil 
at this point and also no vegetation. The water soluble portion 
equalled 1.87 per cent of air dried soil. 

ANALYSIS V, 


WATER SOLUBLE PORTION, SUREAGE EIGHT INCHES. 
Orchard No. 1, 


Per Cent 
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The nitrates equalled 1.016 per cent of the air dried soil. 

Sometimes there is an incrustation, it may be light or heavy, 
and underneath this there is a mealy mass of soil particles and 
minute crystals. At other times the surface soil itself is mealy, a 
peculiar condition which is often expressed by likening the soil to 
ashes, not always an apt comparison but sometimes an exact descrip- 
tion of the condition, especially if the soil is very dry. A sample 
of mealy soil was taken from this orchard. The soil was slightly 
incrusted without efflorescence and was mealy beneath the thin 
crust. The sample was taken to a depth of four inches. ‘The 
water soluble equalled 5.372 per cent of the air dried soil. ‘The 
residue was quite deliquescent and smelled acid when dried at 110° 
for 1 and 3-4 hours. 

ANALYSIS VI. 


WATER SOLUBLE PORTION MEALY SOIL, FOUR INCHES DEEP. 
Orchard No. 1. 


Per Cent 
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The nitrates constitute 1.706 per cent of the air dried sample. 

The next sample represents the foot of soil succeeding the 
preceding one or from the 5th to 17th inch inclusive. The water 
soluble equalled 1.161 per cent of the air dried sample. 


ANALYSIS VII. 


WATER SOLUBLE, 5TH TO 17TH INCH INCLUSIVE. 
Orchard No. 1, 


Per Cent 
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The section of this soil showed alternations of light and dark 
sandy loam, The nitrates constituted 0.226 per cent of the air dried 


sample. : 
The next sample represents the succeeding foot or from the 
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18th to the 29th inch inclusive. The water soluble was 2.11 pe 
cent. 

ANALYSIS VIIL. 


WATER SOLUBLE, 18TH To 29TH INCH INCLUSIVE, 
Orchard No. 1. 


Per Ceni 
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The nitrates in this sample which represents the lower 3-4 of 
the second and the first 1-4 of the third foot from the surface con 
stitute 0.198 per cent of the air dried soil. This is the deepest 
soil sample taken in the orchard. 

The ground water in this orchard cannot be said to present 
a water plane. The soil is very wet at a depth of two and a half 
feet and forms a real mud from this point downward, but at a dept 
of six feet the water came in so slowly that in order to fill a two 
gallon jug we had to let the hole stand open over night. A litle 
water came in at a depth of five feet but this seemed to be an a 
dent, for the next foot below was the same as above, simply m 
I had never seen anything similar to this condition before I began 
to study this subject. What the relation may be between these 
facts I do not know; according to what is generally believed th 
are more or less incompatible but they are simply facts. It is sur 
prising that soil can be so wet and muddy for 3% feet an 
should be unable to find a proper water table within six feet 
the surface, but, as stated, we were compelled to let the ope 
stand over night in order to obtain the sample of ground wa’ 
The ground water as obtained was slightly yellow; the total sol 
held in solution were 1776.95 grains per imperial gallon; loss 
ignition 453.42 grains. <A part of this loss is due to the presel 
of nitrates and is more interesting than important, because on ig 
tion the evolution of the brown oxids of nitragen was quite 
This water contained 2.0 parts per million of nitrogen as nit 
ordinary polluted water contains 0.003 parts per million. ; 


NITROGEN FIxaTION 13 


ANALYSIS IX. 
RESIDUE FROM GROUND WATER. Orchard No. 1, 


t Per Cent 
ile ARMIES cue ted ohoeie.S c/o cke ety aie, Oe a rr 15.164 
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This residue containing 53.3 per cent of sodic nitrate gives 
us 941.0 grains of this salt to each imperial gallon. As iodine com- 
pounds sometimes occur associated with the nitrates, I tested this 
residue, using 30 grams, but obtained negative results. 

This gives us an idea of the conditions obtaining in this or- 
chard which may be summarized as follows: The surface soil has 
a brownish color, efflorescent salts are scarcely present. There is 
some incrusting of the surface soil, beneath which there is 
sometimes as much as an inch of mealy material, soil particles and 
fine crystals. At a depth of two to two and a half feet the ground 
becomes muddy, but there is no free water to a depth of 5% to 
6 feet. There is no vegetation on parts of this ground and the 
young trees have failed to live. The country is quite flat but ts 
not particularly low; it probably is not less than 50 feet above the 
river which flows within four miles of it. We find an abundance 
of nitrates in the uppermost portion of the soil, the maximum being 
6.541 per cent of the soil; this soil was incrusted with some efflores- 
cent salts, commonly called alkalis. The next, a sample of very 
wet soil taken to a depth of five inches, gave 2.571 per cent of 
nitrates. These percentages are followed by 1.706, 1.107 and 1.016, 
for what we may consider the first foot of soil, with 0.226 for the 
upper portion of the second foot and 0.198 for the rest of the soil 
to the depth of 29 inches. 

In the next orchard which I shall designate as Orchard No. 2, 
we have the same conditions only greatly intensified. This is an 
older orchard, what is left of it, and we can see the effects more 
plainly than in Orchard No. 1. What was once an orchard is now 
absolutely barren, not so much as a weed growing on several acres 
of this land. See Plate IJ. There are a few trees remaining in 
one corner and a few isolated trees on one edge. These will have 
a great interest for us. The first samples from this orchard were 
taken in 1907. ‘The soil was glistening, brown and apparently 
wet on the surface but was really dry. Mr. Whipple who was 
with me dug a hole close to a small apple tree which was already 


14 THE CoLORADO EXPERIMENT STATION 


so good as dead. No water was met with at a depth of three feet; 
the soil was wet but not sufficiently so to drown the tree; at this 
place the soil was somewhat sandy. An excavation had been made, 
but not recently, for the cellar and foundations of a house, this 
excavation was over three feet deep but contained no water. This 
was a surprise to us at the time, especially as we had found the 
soil only a short distance away so wet. Six months later we found — 
the conditions essentially the same; except worse if anything. 
There were portions of the ground on which there was a crust about — 
3-16 of an inch thick and beneath this from 1% to 3 inches of the 
mealy mixture of soil and crystals. Below this the soil was prac- 
tically mud, but, as in Orchard No. 1, we had to dig toa depth of 
six feet in order to obtain a sample of ground water. The crust 
in this case was not the ordinary crust of effloresced salts ac- 
cumulated above and easily separated from the soil, but was the soil 
particles cemented together by the salts present in it. This crust 
contained 12.523 per cent soluble in water. 


ANALYSIS X. 
WATER SOLUBLE PORTION OF CRUST. Orchard No. 2. 


Per Cent. 
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This analysis has been calculated to 100 because on drying 
the mass I found that I could not heat it above 110° C. without 
change and at 110° only a part of the water was driven off. It 
was therefore necessary to analyze the material as it was and calcu- 
late the results to 100 as I have done. The nitrates make up 1.482 
per cent of the air dried soil. 

The next sample was taken to a depth of 14 to 3 inches below 
the crust given above. The water soluble portion equalled 8.44 per 
cent. The following analysis has been computed to 100 for the 
same reason given for the preceding analysis. 


NITROGEN FIXATION < 


ANALYSIS XI. 
WATER SOLUBLE PORTION OF MEALY SOIL. Orchard No. 2. 


: Per Cent. 
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The nitrates constitute approximately 1.301 per cent of the 
air dried mealy soil. 

The next sample was taken from another part of the orchard 
about six months prior to the taking of the two preceding samples 
and shows in an unusual measure the variability in the character 
of the salts present in the soil. ‘The area involved is several acres. 
I suppose that there are 40 acres at least in this piece of land but I 
do not know how much of it is involved in this trouble. I estimate 
the portion that I am familiar with at 10 or 12 acres and very much 
more in adjoining lands. ‘This sample was taken to a depth of one 
foot. Water soluble equalled’ 6.51 per cent. The ground is entirely 
barren where this sample was taken.. 


ANALYSIS XII, 
WATER SOLUBLE PORTION OF FIRST FOOT OF SOIL. Orchard No, 2. 


Per Cent. 
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The nitrates in this foot of soil amounted to 2.837 per cent 
of its air dried weight. This indicates the presence of 49.5 tons to 
the acre foot. 

This soil is very wet except the surface portion to a depth 
of three or four inches, below this point it becomes muddy; even 
worse if anything than Orchard No. 1. At a depth of about six 
feet water came into the hole that we dug, very slowly. We were 
able to get two gallons of water in about an hour. This water 
contained 2250.01 grains per imperial gallon; the loss on ignition 


| 375.5 grains. 
: 
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ANALYSIS XIII. 
RESIDUE FROM GROUND WATER. Orchard No. 2. 


Per Cent. 
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Each imperial gallon of this ground water contains 237.0 
grains of sodic nitrate. The ground water from Orchard No, I 
contained 941 grains, almost exactly four times as much. 

The next place studied included both orchard and non-orchard 
land, but for the sake of convenience we will designate it as Or- 
chard No. 3. 

This is, in some respects, the most interesting case that I have 
studied because I have been able to obtain its history. The land 
showed some spots 17 years ago on which there appeared to be too 
much alkali. Some of the spots grew nothing but at their outer 
edges things grew well. The owner stated that he had often stood 
on a barren spot and thrown his hat in the air so that it would fall 
on the grain at the edge of the spot and lodge on the heads of the 
grain. This man had tried to wash it off; he had turned a furrow, 
tollowed with a subsoil plow and then turned in a hundred inches 
of water and washed it clean. His farm is beautifully leveled. He 
had also manured heavily but he has not yet conquered these spots. 
He states that in the 16 or 17 years past he has set one piece to 
young trees two or three times and there are no living trees there 
now. In June, 1908, I took a set of samples from this piece of 
ground. The top three inches is described as alkali and mealy soil. 
This three-inch section was removed and taken as one sample. 
Water soluble equalled 5.04 per cent. 


ANALYSIS XIV. 


WATER SOLUBLE PORTION OF ALKALI AND MBALY SOIL. 
Orchard. No, 3. 


Per Cent. 
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Here the nitrates equalled 1.793 per cent of the air dried 
weight of the mass. 

After removing the three inches of alkali and mealy soil, I 
took the next 12 inches as a soil sample. The water soluble 
amounted to 2.97 per cent of the air dried material. This spot had 
been barren for 16, now 18, years. I saw it a few weeks ago and 


it is barren still. 
ANALYSIS XV. 


WATER SOLUBLE, 4TH TO 15TH INCH INCLUSIVE. Orchard No, 3. 


Per Cent, 
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The nitrates in this sample equalled 0.676 per cent of the air 
lried material. I subsequently dug a hole in this piece of ground 
it the height of the irrigating season, not at this same spot but near 
t, to see if I could find the water table. I dug to a depth of six 
eet and found only moist, sandy soil. 

The next sample was taken by the owner and sent to me. He 
tated it was taken from another barren spot and to a depth of one 
oot. Water soluble equalled 3.33 per cent of air dried soil. 

ANALYSIS XVI. 


WATER SOLUBLE PORTION OF FIRST FOOT OF SOIL. 
Orchard. No. 3. 


Per Cent. 
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The nitrates make up 0.392 per cent of the air dried soil in 
is case. This is one of the spots in which the owner amused 
mself by standing and casting his hat in the air to see it fall on 
le grain so rank and stiff-stemmed that it held up the hat. 

The next sample is one taken by myself in an alfalfa field on 
esame ranch. The spot was quite wet and barren. Sample taken 
ree inches deep. Water soluble equalled 10.572 per cent. 
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ANALYSIS XVII. 
WATER SOLUBLE, FROM ALFALFA FIELD. Orchard No. 3. 


Per Cent. 
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The next sample is from another orchard, Orchard No. 4. Had- 


‘the owner not set this land to apple trees the probabilities are that 


no notice would have been taken of the fact that there was some- 

thing wrong with the soil. The care bestowed on a young orchard 

is greater perhaps than that bestowed on ordinary crops. This ac- 

counts for the fact that we find these troubles so frequently in 

apple orchards; it is not that they do not exist elsewhere, for they 

do, This young orchard contained, it may be, 20 acres, sloping to” 
the south and west. The land is quite high. Some years ago there 

was a reservoir in the northeast corner of this piece of ground but 

it had been abandoned for several years, at least four, before the 

orchard was set. ‘The soil is a clayey loam, but varies somewhat 

in different parts of the tract. A shale underlies the whole or the 
greater portion of it at no considerable depth. There is a little draw 

running southwest and south through the orchard. It begins near 
the north side and somewhat east of the middle line and extends | 
almost to the southwest corner of the orchard. The area involved 

in the spring of 1909 was about four acres. By autumn it had in- 
creased to nearly double or about eight acres. ‘The land had pre- 
viously been in alfalfa which, according to my infromant, had 
ceased to do well in this portion of the field. Up to this time. 
only preliminary work has been done on this particular orchard 
and it is given for the reason that it presents entirely different con- 

ditions from any presented so far. In March, 1908, I found the 

surface soil a mealy mass. ‘The conditions at the time did not af- 

ford opportunity for me to judge of the color of the soil. ‘There 

was no incrustation ; a scuff with the foot would reveal the fact that 
the dirt which seemed to be ordinary soil was a mixture of soil 

and crystals of some sort, for they glistened strongly in the light, 
and clear sunshine was not necessary. I took a sample to a depth of 

two inches. The water soluble was 8.23 per cent of the air dried 
mass. 


ie (Ae 
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ANALYSIS XVIII 
WATER SOLUBLE FROM SURFACE SOIL. Orchard No, 4. 


Per Cent. 
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The nitrates make up 0.673 per cent of the air dried mass. The 
sults of this analysis were what I expected after I had examined 
2 conditions in the orchard. 

The next sample is our Laboratory No. 680, and is not from 
orchard but from an oat field. ‘The owner had previously 
itten to me concerning this land. I could not go to inspect it 
the time but in February, 1908, I was near this place and went 
see it. The chief trouble was seepage, but above the seeped area 
re other conditions, the surface of the ground was puffed up 
d mealy. I took a sample of the surface soil to a depth of two 
shes, water soluble equalled 5.42 per cent. I was compelled to 
y the residue obtained on evaporating the aqueous extract to 
yness at 140° in order to pulverize it; it puffed up, intumesced, 
d possibly suffered incipient decomposition. 


ANALYSIS XIX. 
WATER SOLUBLE PORTION. Laboratory No. 680. 


Per Cent, 
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4 The nitrates in this surface sample equalled 2.722 per cent 

he air dried soil; this is a trifle over 50 per cent of the total 
ble salts. It may interest someone to learn that I visited this 
ice in the early spring of 1909 and could see no signs of any 
ible whatsoever beyond the fact that a portion of the field was 

oubtedly seeped. I visited it again later and the present owner 
is a stranger to me, was cultivating it preparatory to planting 
beets and there was nothing suspicious, even to one acquainted 


1 the facts, except the seepage. I visited it again when the 
Rete eg a, | Moen wera oreat hare snots 
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surrounded by beet tops of very luxuriant growth. See Plate ' 
The bare ground was mealy and excessively rich in nitric acid or t 
trates. We must defer further statements concerning this till y 
lave done more work. 

Our Laboratory No. 588 is a very alkaline soil collected in : 
old orchard. ‘The soil is a red mesa soil, grows alfalfa, potatos 
wheat, etc., well. The section is in very bad condition and seep 
though the mesa is high above the river. The surface of the me 
makes this possible. ‘The water soluble in this soil. was 6.65 p 


cent. 
ANALYSIS XX. 
WATER SOLUBLE PORTION. Laboratory No. 588. 


Per Ce 
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The nitrates correspond to 0.382 per cent of this soil. 

The next sample is Laboratory No. 595, and was gathered 
a sample of alkali. The spot was quite destitute of vegetation « 
cept for the presence of a few greasewood, sarcobatus plants, anc 
few surviving alfalfa plants. I have visited this place twice since tl 
sample was collected to observe whether the spot is increasing 
size. I found this to be the case. Only so much of the soil v 
taken as was necessary to get a fair sample of the surface alk. 
perhaps an inch, This was a new locality for alkali, so far as 1 
record was concerned and the sample was taken without any rege 
to the presence or absence of nitrates; it was collected in 1907. 

ANALYSIS XXI. 
ALKALI. laboratory No. 595. 
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The question of the relation of the greasewood to the alk 
question, sodic carbonate in particular, has been discussed sor 
what by Prof. Hilgard and others. The association of this pl: 
with the last sample suggests the question whether it might hi 
anything to do with the appearance of the nitric acid in this alk 
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| some cases there is no question about the occurrence of sodic car- 
mate in dark soils about old clumps of greasewood, but in this 
se the occurrence of the nitrate in dark, brown soils and the very 
ik color often noticed in the soil about these old clumps suggests 
€ question whether the greasewood has anything to do with this 
currence. I found a very marked case of a mass of dark soil where 
ch a clump had died and which was evidently very rich in alkali. 
his was quite near an area where I knew that nitrates occurred 
large quantities so I thought it worth while to test the matter. 
he result was that the soluble salts found to be present were the 
fate 35.248 per cent, carbonate 37.065 per cent, and chlorid of 
dium 27.687 per cent, with only a trace of nitric acid. ‘This was 
e result expected except that the trace of nitric acid was unlooked 
r under the conditions. Apropos to the occurrence of nitrates 
alkalis we have found small quantities of nitrates in others than 
e one given above but we have not found them always present. 
Ikalis from these districts may be entirely free from nitrates. 


The samples so far given have been of soils or ground waters, 
e localities of which I have not given and I have purposely avoid- 
giving names. I conceive that the circumstances require that I 
ould do this. I have been requested again and again not to pub- 
h the names of owners and places and I believe that it is just 
at I should not, for while it looks, in many cases, desperate for 
e future, conditions may change. Some means of remedy may 

found whereby what now seems an inevitable result may be 
oided. 

I have seen instances of these occurrences of nitrates near the 
uthern and within 40 miles of the northern boundary of Colorado 
d likewise from its eastern to its western boundary. ‘The analyses 
ready given and those to be given, represent many sections, but it 
not to be inferred that all or any more than a very small per- 
ntage of the agricultural lands of Colorado are in the least en- 
ingered. While the matter is serious enough, it by no means 
nounts to a justification for evil forebodings. I am not at this 
me prepared to state how we will combat this condition, but I 
lieve that there will be some way. ‘These remedial questions are 
r the immediate future; the trouble itself has, as yet, only been 
inted out. 

I will give some cases in a general way but must avoid names 
id places. A small piece of land, a sandy loam, near and some 
2 or 15 feet above the river has a dark brown color and has not 
en productive for several years. ‘This land has received good 
Itivation, the application of much barnyard manure, and excessive 
rigation in the hope that the “black alkali” would be washed out. 
his ground is not absolutely barren but some spots in it are nearly 


Plates I and II. 


See Pages 6, 13; 42, 43 and 44. 
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30. A sample of this soil which was taken by the owner and deliv- 
ered to me contained 1.262 per cent of water soluble which con- 
tained nitric acid equivalent to 11.230 per cent of sodic nitrate, 
squivalent to 0.142 per cent of the air dried soil. If this sample 
aad been taken to a depth of a foot, which it very probably was, 
n0w much would it mean to the average man? Very little so 
long as it is expressed in tenths of one per cent of the soil. It will 
mean more to him, perhaps, if we state that this is a piece of very 
bad land containing 5,680 pounds, 2.84 tons, of sodic nitrate or its 
equivalent of nitric acid in the top foot of soil. I found on this 
piece of land an excellent illustration of the mealiness which I have 
already mentioned several times. The adjoining piece of land on 
the north is in even worse condition than this, spots in it are barren. 


Another case was observed in an alfalfa field under and near 
a ditch. We are prone to blame seepage for as many of our trou- 
les as possible and I am personally no exception, but I am some- 
ames conscious that I am trying to give a reason to avoid the 
abor of finding out a cause. In this spirit I judged the cause of 
the dead spots in this alfalfa to be due to seepage. ‘The ditch 
was there; there was water enough; the ditch was higher than the 
sround. Of course it was simply another case of seepage. I, how- 
ever, thought it might be well to prove this thing. On examining 
he ground and digging a hole of some depth my faith in my theory 
lisappeared. I was not at all satisfied about the relation of seep- 
age to the death of the plants. I took a sample of the soil and 
found that 5.73 per cent of its weight was soluble in water and 
hat this soluble part contained nitric acid corresponding to 27.259 
ser cent of sodic nitrate or calculated on the air dried soil 1.522 per 
sent or supposing this soil to have been taken to a depth of four 
nches it means that there would be 20,290 pounds, Io 1-4 tons, on 
sach acre. If one should spread 10 1-4 tons of Chile-saltpetre on an 
icre of ground we would not need to appeal to seepage to account 
for any unproductiveness of the soil which might follow. After a 
tumber of such experiences I have concluded that it is not wise to 
ye too certain about the direct and universal effects of seepage. 
The same remark applies to the effects of alkali. I am quite con- 
vinced that I have not seen in Colorado a single instance in which 
t was even very probable that our ordinary alkali, not this so called 
‘black alkali,” has of itself been the cause of the death of any 
plant. An excess of water in the soil, especially in cases where it 
continued for a long time, may have been. 
| These occurrences are not confined to Colorado soils. ‘Two 
samples of soil received from Brawley, California, were strongly im- 
pregnated with alkali and their aqueous extracts reacted for nitric 
acid with sulfuric acid and ferrous sulfate. Neither the size nor lo- 
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cation of the spots relative to the surrounding surface nor the con- 
dition of the vegetation was given. The clumps of one of the 
samples showed distinctly a thin, white incrustation on their upper 
surfaces. The sample was quite sandy and judging from the 
clumps of soil had been taken to a depth of from one to two inches. 
The second sample was quite different in character and described 
by the sender as being always moist. 


The sample numbered one and described as white alkali soil 
contained 8.886 percent of water soluble salts. ‘The nitric acid in 
this soluble portion corresponded to 3.939 percent of sodic nitrate 
or 0.350 percent of sodic nitrate calculated on the air dried soil. 
This corresponds to 2,333 pounds of sodic nitre in the surface two 
inches of soil per acre. I do not know anything about the size or 
location of the areas represented, nor do I know the condition of the 
vegetation in or about the places where the samples were collected. 


One of the samples was a sandy soil and was very probably 
taken to only a very shallow depth. The sender says that it was 
scraped up. I would judge from the thickness of the clumps in the 
sample that from one to two inches of the surface soil had been 
taken. 


We find the nitrates present in soils, where there is a great 
deal of moisture, but in places where there is too much water, the 
nitre does not appear. In little valleys and saucer shaped depres- 
sions in which the lower portions are too wet there is no visible 
alkali, then follows a zone where white alkali abounds and above 
this the nitre is formed. I do not mean to say that there may not 
be nitre mixed with the white alkali but that the nitre in such 
cases appears in higher ground than that on which the white alkali 
usually appears. Furthermore, it is not intended that anyone shall 
infer that it is only in valleys and depressions that the nitre occurs. 
Two instances of the occurrence of nitre suggest themselves, one 
of which is on the side of a hill, and the other on a little reach of 
rising land at the foot of a hill. It is at least 10 feet higher than 
land 200 yards away, in short, it is on the gently sloping portion 
of a hill. These two instances are very far removed from any 
other occurrences so far mentioned and are nearly 300 miles apart. 
These occurrences are furthermore very rich in nitrates. 


The next sample is an alkali collected from the face of a shale 
bank from which issued the seep or drainage from an irrigated 
mesa. ‘The water issuing from this bank contained 176.96 grains 
total solids per imperial gallon, ignition 21.42 grains. ‘There are 
no carbonates present. The efflorescent alkalis on this shale bank 
were white and consisted essentially of magnesic and sodic sul- 
fates, but carried about 2.3 per cent nitrates. 
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The last sample naturally suggested the examination of other 
waters issuing from the shales underlying irrigated. mesas. The 
same point had been reached, starting from an entirely different 
point of departure, i. e., the search for an answer to the question, 
how much alkali may an irrigation water contain without detriment 
to the land to which it is applied? No attempt is made to answer 
this question at this time; it suffices that no one has yet complained 
with good cause that he has reached the injurious limit. An in- 
spection of the next two analyses will indicate clearly why they are 
given in this place. The land was planted to corn and rye. It had 
passed into the hands of a man who had no experience with irriga- 
tion; the water was handy and plentiful, the people on the mesa 
above had only a moderate supply of water or there would have 
been more. ‘The corn had been rather deeply furrowed for the 
purposes of irrigation. ‘There was a band of efflorescent alkalis at 
least two inches wide on the side of each furrow. My curiosity 
was excited to find some reason why the corn should grow at all 
and not die. The rye was dying, but the corn was in pretty fair 
condition, which was a matter of surprise. Inquiry elicited the fact 
that small stuff had been a failure on this ground. I took a sample 
of the worst of this surface soil where even the corn, which seemed 
to have endured better than anything else, had almost failed. The 
irrigation was very excessive. The sample of soil yielded 4.67 per 
cent of water soluble, which gave me the following analysis: The 
determination of NO was made four times, because at the end of 
the reaction there was a rather copious evolution of CO,, more than 
the sodic hydrate in the measuring tube could readily absorb. 


ANALYSIS XXII. 
WATER SOLUBLE PORTION. Laboratory No. 589. 


Per Cent. 
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_ The nitrate according to this analysis is 0.342 per cent in this 
portion of the soil. This can only be considered as an approximate 
result. The big fact is that nitrates were present in notable quan- 
ies. This land was irrigated with the seepage water which issued 
Tom or above the shale underlying the mesa. ‘This water con- 
fained 418.2 grains per imperial gallon or 5,975.7 parts per million. 


See Pages 42 and 44. 


Plates III and IV. 
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ANALYSIS XXIII. 
RESIDUE FROM SEEPAGE WATER. Laboratory No. 766. 


‘ Per Cent. 
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These two samples are more interesting in connection with 
this work than in connection with the purpose for which they were 
collected. Results like the foregoing are very disconcerting when 

one is seeking the limit of alkalis present in an irrigation water 
which may be injurious to the land or crops. The same is true in 
regard to the soil. It is true that this sample represented what ! 
_ believed to be the worst and what according to the growth of the 
corn, was the worst, but the whole patch was so bad that it appeared 
useless to continue that study with great hope of success. The 
only encouragement that one could find in the case was that some 
things had died and that the rye was dying, but the question 
whether this was due to excessive salts or excessive water was im- 
possible to determine. This digression may serve to show that our 
problems are far from simple and that an acquaintance with a 
large range of facts pertaining to our conditions does not lead to 
very firmly fixed convictions concerning what the facts really may 
) be. I will add one more statement relative to this piece of ground 
and that is, that I saw the wheat grown on it two years later, 1909, 
and it yielded at the rate of 60 bushels per acre. All of which was 
extremely perverse from the standpoint of the theorist but verv 
good from that of the owner. | 
_ The question of the presence of nitrates in seepage water 
issuing from the shales seemed to be of sufficient interest to justify 
urther analyses. Another place was selected 80 feet below the top 
the bank which was the level of the mesa. ‘The sample was taken 
1 the irrigating season. ‘The water contained 557.9 grains per im- 
erial gallon or 7,970.0 parts per million of total solids; ignition 
pelled 84.9 grains or 121.3 parts per million. This water was 
tested for free : ammonia and 0.12 part per million was found. The 
owing analysis has been calculated to one hundred. 
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ANALYSIS XXIV. 
RESIDUE FROM SEEPAGE WATER. Laboratory No. 739. 


Per Cent. 
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The aggregate volume of water issuing from a long stretch of 
this shale is large and according to this analysis each gallon of 
70,000 grains carries 27.75 grains of nitrates. 

In looking for a place to take a sample of shale to see whether 
the shale itself carried nitrates a brick yard offered the best oppor- 
tunity for here a face, which had been recently opened, was acces- 
sible. The overlying strata are thin but the mesa country above and 
back of this opening is very extensive and quite well watered. It 
was observed that the brick in the drying sheds were covered with 
an efflorescence. This consisted essentially of sodic sulfate about 
§8.0 per cent; nitric acid was present but was not determined. A 
sample of the shale 1,280 grams was extracted with water and 
yielded 1.4 per cent of material soluble in water. 


ANALYSIS XXV. 
WATER SOLUBLE PORTION OF SHALE. Laboratory No. 645. 


A 


Per Cent. 
(CEB OUAShOE be he Mao ien aa AINA tL CREMP Re Gir fn ok Ann cis oct 32.198 
Me MeSIC, SUITAten icin erstdes ccols -cigce ct 5. cic thee nemo eI eae eee ae 13.705 
POLABBIOCUSUIE SUE Syec ste eRe iieio dale akon) cChviclicis: oWeHe IEE Seen meen Rem ee wane ene 1.930 
SOCIO SULA EG, 5 si misee erate ay altar reSeeacverre:gb ie: jcrsak eNO STt aR ete Renn 42.990 | 
SOdiCw Carbonate ecules cuistecensrs, cea eos 070 accu ES eine en Mee ae aca 0.716 3 
odie OHLOrid’ fo.ce kes Reeth ete ns kod a rn ee ee eee 2.477 
SOdICreNi trate’ ck Maret nce e cls oe vd pled dens a1 ae eR SIC Smee e ae eee es eae ees 1.7 
DOCU MOUICALE! Hires Arena chev arauom wtauacs euenes, in ede a eRe Menucitenelo ieee enone 1.081 


100.000 

The nitrates calculated on the air dried shale gives 0.03 per 
cent. The shale presents but little of interest. The amount of nitric 
acid found is so small that it would escape detection in the 
ordinary course of analysis. Still the analysis of this shale was. 
made and shows that there is nothing in the character of the shal@ 
itself to indicate anything unusual. 
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ANALYSIS XXVI. 
ANALYSIS OF SHALE. Laboratory No. 645. 


Per Cent. 
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This shale is fossiliferous, is low in silicic acid and carries a 
large amount of lime, but no organic matter or other source of 
nitric acid. 

We have presented by a considerable number of samples, the 
duestion of the nitrates in the soil, in the ground waters and in 
some of our seepage waters. There yet remains the question of 
our drain waters. We have but two of these to present. One is 
from a water course constituting the natural drainage of the section 
in which it is located, the second is from a box drain laid 4% feet 
deep. 

The water course constitutes what is locally called a “wash.” 
The sample was collected in October, 1907, and was made up of 
a mixture of water from the irrigating canal, of off flow water 
from irrigated fields, and of seepage or drain water. The total 
solids were 359.52 grains per imperial gallon or 5,164.5 parts per 
million ; ignition expelled 115.08 grains. This wash runs through 
the first mesa counting from the river and the mesa back of this 
has not yet been brought under irrigation. The depth of soil over 
_ the shale is not great, in some places it is very shallow. 


ANALYSIS XXVII. 
RESIDUE FROM WASTE WATER. Laboratory No. 605. 
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I do not know how much water was flowing in this stream at 
time the sample was taken. Nor do I know how much the 
rage flow of this stream may amount to. I imagine that the . 
v varies greatly from time to time. 

The next sample is one of a drain water taken in Oct., 1907. 
s drain was one of the main branches of a system put in 6% 
rs prior to the taking of the sample for the purpose of improving 
ece of ground lying to the east and south and partly to the west 
1 rather large orchard. In spite of the drain the bad soil con- 
ons have encroached upon the orchard area necessitating the re- 
‘al of trees till the orchard is much smaller than it Was six years 

The case of this orchard is rather peculiar. There is on the 
th and west sides of the orchard a wash ranging from 6 to Io 
deep and on the east, south and part of the west side is this 
em of drains and yet in June of this year I saw some of the 
remaining trees in the extreme southern portion of the orchard 
y badly burned by nitre. The drain is a box one, seven by six 
es laid 4% feet deep. ‘The land above the orchard was boggy . 
1e time the drain was laid. It has been unwatered to the exten’ 
grain can be grown on the greater portion of the land. The 
d on some parts of this land is excellent. The condition of the 
ard as suggested is gradually becoming worse and is at this 
+a promising subject for study. Total solids 637.3 grains per 
erial gallon. 

The analysis has been calculated to one hundred. 


ANALYSIS XXVIII. 
RESIDUE FROM DRAIN WATER, Laboratory No. 610. 


Per Cent. 
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The residue gave off water and red fumes when heated in a 
tube. A sample of this drain water taken in June, 1909, about 
nonths later, showed the presence of 622.65 grains of total 
Is per imperial gallon. Loss on ignition was 99.26 grains per 
rial gallon. ‘The ammonia was found to be 0.56 part per mil- 
_ The analysis has been calculated to one hundred. 
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ANALYSIS XXIX. 
RESIDUE FROM DRAIN WATER. Laboratory No, 792, 


Per Cent 
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SGdIC “Sulfate > 6 aS Aika ora ego eer brced wvlettis1at “el ei alge Ge eee ete os 24.77) 
Sodiie  ChlOrids (sei oo aia or oS sn Cae clio ntoe ce ae Rene ee en 9.05% 
SOGICy CATDODACC. fa siscs wc helebele Ww elinteterws oie « sulscoltehs levedetamel sere ieteltea aan 4.12( 
SOUECINIUTATE: 5 a conte a larkeaiat Geen tae oe oe tives e oe oe, EHC aren Mean oneees alte ae 6.501 
SUIT CHE CA CICS setae Missa aiecaries ete al Siaiwicstheve ne ual as Syieke ata oN Ns ceca 0.11! 
100.00! 


These results show what is pretty well demonstrated by th 
other samples, i. e., that the presence of the nitrates in the water: 
is not an accidental but a regular occurrence. 

I have now presented all of the analytical data which I propos 
to present in this bulletin to show the occurrence of excessiv 
amounts of nitrates in certain of our soils. These occurrences art 
not confined to one section of the state; the samples given represen 
widely separated sections. 

There are no data that I have been able to find relative to the 
amount of nitric acid, respectively nitric nitrogen, in soils in gen. 
eral. The most satisfactory statements have been found in the 
latest edition of Storer’s “Agriculture.” These statements are large 
ly based on the Rothamsted experiments and give aggregate results 
which are very difficult to apply to our lands, or to use in answering 
the questions suggesting themselves. We, therefore, collected < 
number of samples, representing the surface portion of our soils, 
because it is only with the upper layers that we are concerned. The 
percentages of nitrates given in the preceding analyses varying 
from 0.2 to upwards of 5.0 per cent of the air dried samples will 
not appeal to some readers as large quantities, therefore we wish 
to know and present what some other surface soils in Colorade 
contain. We are aware that the content of nitric nitrogen in a 
soil varies from time to time and that the nitrates may be carried 
down to considerable depths by rain water, etc.; all of these things 
have but little bearing on the object had in view. We wanted to 
know how much nitric nitrogen we might expect in the soil to a 
depth of 2% feet, for our samples have mostly been taken at less 
depths, in fact the most remarkable quantities have been found 
practically within the first half inch of soil, though some very 
large percentages have been found at as great depths as three 
inches.. We determined on sampling different sections of the Col- 
lege farm. ‘The samples were taken in October during a period of 
fine weather and no irrigation water had been applied for some 
weeks. Other detailed data of this character are not at my dis- 
posal. This study was entrusted to Mr. Douglass and the following 
is his report: 
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SAMPLES TAKEN TWO INCHES DEEP. 


Per Cent Nitric Nitrogen 


Oct. 4 Oct. 6 Oct. 16 
3. of Agr’] Hall near N. end of grain field....0.00045 0.00040 0.000385 
3. of Agr’] Hall near S. end of grain field....0.00085 0.00120 0.000385 
3. of Agr’1 Hall near W. side of grain field. .0.00050 0.00040 0.00010 


Beet field, Experimental Farm............ 0.00005 0.00005 0.00005 
Jnused roadway, near beet field........... 0.00500 0.00350 0.00100 
mrrola plote tallow Place, .iod eke witicic wees el leds als OAV 220. = hisearenene 
Sone e ld: LANOW) PLACE Ale Hiepwaleieteda nc if alae velhis secs at's ZOO ZO’ wees ee noms 


SAMPLES TAKEN THREE INCHES DEEP. 
October 7, 1909. 
Per Cent Nitric Nitrogen 


In the row Between rows 
Sesame AT LOW. TS DOG.» :.0- ancien ronanee sa ais aeaie ao wate 0.000075 0.000100 
REIT aT a LOW A SPO. orev a ae edeie nae eile ceeties Susi eae eh is ela ose 0.002809 
m the row nex to the fallow spot............... ONOODAO Ore se nclay etaneee 
‘irst full row on north side near west end...... 0.000150 0.000050 
Nineteenth row from N. side near W. end........ 0.000150 0.000200 
Phirty-fifth row from N. side near W. end........ 0.000300 0.000075 
‘irst row on north side near east end.......... 0.000500 0.000100 
“orty-seventh row from N. side near BE. end...... 0.000300 0.000159 
Midway between ditch and fallow spot.......... 0.000500 0.000150 
mibh row south of fallow strip. <2... .2....0..- 0.000200 0.000500 
Ine hundred feet from S. and BH. sides........ 0.000200 0.000100 
Yne hundred feet from west side between ditch 
ANG TAO We SDOU tet sco a erent eeseeresa ete ioiev ene eke 0.000200 0.000300 
Yne hundred feet from W. and §, sides ........ 0.000250 0.000250 
monmiddle Of the: field: ice oi. ateaseete ai etn weveneis oreo 0.000200 0.000075 
'wenty feet south and east of fallow spot........ 0.000100 0.000075 
ISAT SENS: LALOW-SDOG ve etike iahecipuecit teem tn renwtaea ope dew ve 0.000150 0.000100 


These samples were taken between the beets in the rows and 
tween the rows to see whether any difference in the percentage 
f nitric nitrogen could be detected. 


SAMPLES TAKEN TO A DEPTH OF 2% FEET. 
October 18, 1909. 
Per Cent of Nitric Nitrogen 


outh of Agr’! Hall near N. ‘end of grain field 2.6.0.0... .s0cccccs esse secs 0.000070 
outh of Agr’] Hall near the S end of grain field ............ .......--0.000350 
outh of Agr’] Hall near the W. side, alfalfa 1908.............. ++. 000s 0.000100 
Jnused roadway next to the beet plot.......... cece cece es weer cece eees 0.001600 
febween plants; alfalta plotub x pt: artiste spices aeieieielvossvice oi scas'eers cies 0.000800 


ethe beet plot, amon thre Deets << <2 (ects nicialotersrelejalere’s cls sisls oc0)steis java 0's 0.000075 


CR EXP STA 


ai 


& 


See Page 43. 


Plates VII and VIII. 
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SAMPLES TAKEN OCTOBER 18, 1909. 


Per Cent Nitric Nitrogen 
From 2 in. From 6 in, 


Top 2 in, to 6 in. to 12 in. 


outh of Agr’l Hall near N. end........ 0.000350 0.000300 0.000200 
outh of Agr’l Hall near S, end........ 0.000250 0.000250 0.000500 
outh of Agr’l] Hall near W. side........ 0.000300 0.000070 0.000100 


. Agr’l Hall 50 ft. from Col. Ave. E. side.0.000800 0.000800 0.000800 
outh of Agr’l Hall, middle of field....0.000500 0.000150 0.000250 
outh of Agr’l Hall S. W. portion of field... trace none trace 
Mitalia plot, Mixpt.. Farm... s.c.ees «oes 0.002000 0.000700 0/001000 
lfalfa plots Expt. Farm between plots. .0.001000 0.000600 0.000800 
lfalfa plots, Expt. Farm between healthy 


PLAN TSH =se eee toasts), shane. cow are) pero ile cele es 0.001000 0.000200 0.000300 
Ifalfa plots, Expt. Farm stand poor....0.000600 0.000600 0.000600 
ornfield ‘S, of alfalfa plot....%. 00%... 0.000800 0.000250 0.000100 
nused roadway next to beet plot....... 0.001000 0.001000 0.001800 
eet plot, among the beets, between ditch 

ange fallOws SPO \....cccistere ieee cele os ack 0.000400 0.000075 0.000050 


eet plot, fallow strip 150 ft. from W side.0.000800 0.000400 0.000400 
eet plot, middle of patch among beets..0.000050 0.000025 0.000025 
eet plot, S. W. corner among beets....0.000175 0.000100 0.000100 
Bee tield, fallow» SDOt = cs cscs cen Sc pe es 0.000400 0.000300 0.000200 
eet field, southeast portion among beets.0.000250 0.000025 0.000025 
eet field, fallow strip near east end....0.003500 0.001200 0.000800 
eet field, among beets near east end...0.000150 0.000025 0.000025 
eet field, among beets N. W. corner... .0.000300 trace 0.000050 
eet field, among beets middle N. side... .0.000100 trace 0.000050 


eet field, among beets W. side........ 0.000100 0.000025 0.000059 
rain field, south of beet. field........ 0.000500 0.000450 0.000250 
at field, north of beet field.......... 0.000100 ~ 0.000025 0.000050 
irgin soil Sec. 4, T. 6, R. 59 W., top6in........ OFO0 OS O0Rr reece ene 
irgin soil Sec. 34; T 6, R59 W., top 6in........ C2000 S00 — sce 
mun=-Soil, Yama. County, Colonies aes 06 ss ss + OF 0/0 On 20o 7. . ekehs 
oil Lab. No. 869, Rocky Ford, Oct. 11, 

ESL Seems Sami ONES SE Mes ReG Raat Scanian PAPER ROR ree) BA See kas OOO C400) Soi nue es 


According to these results we find rather large amounts. of 
tric nitrogen in our surface soils. For instance the unused road 
ay at the edge of the beet field gave in the top two inches on 
ctober 4, 0.005 per cent nitric nitrogen. This is equivalent to 
03 per cent of sodic nitrate, 200 pounds per acre in the surface 
vo inches of this soil. The roadway is really only a driveway 
stween two plots of ground and has not been used, so that there 
as scarcely any more probability of the results having been influ- 
iced by the voidings of animals than any spot in the beet plot 
self. The sample taken two days later gave nitric nitrogen equi- 
alent to 0.020 per cent of sodic nitrate. ‘This would give 140 
sunds in the surface two inches. I am using 6 as the factor for con- 
erting nitrogen into sodic nitrate. The more exact factor is 6.0534. 
n October 16, we obtained much less, 40 pounds in the same 
pth of soil per acre. ‘The alfalfa plot mentioned in these notes 
a a young nursery, the plants are small and set, I think 3x3 feet. 


a *This is a young nursery; the plants are very small and occupy only 
Small portion of the ground. 


Se 
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It is almost fallow ground. The beet field was a cropped field with 
the beets well grown and the ground well shaded. Here we find 
an average of 0.0000975 per cent of nitric nitrogen not including 
the fallow strip for the depth of from 2 to 6 inches. ‘This is equi- 
valent to 7.8 pounds of sodic nitrate in these four inches of soil 
per acre. These examples include our extremes but these are 
small quantities compared with the nitrate contesit of the first foot 
of soil of Orchard No. 2, 49.5 tons, or with the soil from the 5th to 
the 17th inch inclusive from Orchard No. 1, 6.5 tons per acre foot. 
While the nitric nitrogen in the soil of the College farm is probably 
normally high, it is simply not comparable to the samples of soils 
from these, orchards. The Rothamsted experiments showed that 
during a period of from 14 to 15 months nitric acid equivalent to 
553 and 572 pounds of commercial sodic nitrate was formed in the 
first 27 inches of soil per acre. This included the amount removed 
by drainage, This would give us 0.00625 per cent sodic nitrate 
counting the weight of an acre foot of soil as 4,000,000 or 0.00726 
per cent counting it as 3,500,000 pounds. 

The general character of these soils is given by the following 
analyses. 


ANALYSES XXX, XXXI, XXXII AND XXXIII. 


No. 724 No.725 No.697 No. 78 
percent. percent. percent. per cent 


Pisrshalesta acti wis i sit) sta elesetayia) svsias\eyaya 54.653 57.068 64.82( 

Ae ie ines 19.805 12.754 i GAY 5.65 

leh ng 5 GSO CU GHC Orne n re See 0.047 0.049 0.320 0.81 

PSM eea le tie totraparela tate la oe csewiesateiaial'atsissivtovetace 0.032 0.059 3.090 0.89 
IBHOSPHOMCO NCIC gure screen sietuiaiiresincae! Oa) 0.127 0.120 0.18( 
(Grande Wels), ced qet agua sa SOR SOAReee 3.048 6.312 3.470 7.04 
HA TSATO Yosnieis cee ictare elenstcrefelio) vrateisrave oiieynelere'= lasers 6.100 8.465 3.490 7 .18( 
AVIA SES Ia veeecermecetaetetat a cise cai siatontite «cues 1.355 1.448 2.080 PE 
PIOCIC Odd emitter ter Clelenai acres meio c cle 0.290 0.432 0.840 0.84( 
APOLASSICy ORAG Mots ne ale ainiatee etchanecte ata alse bes 0.872 0.742 0.590 0.69 
Meni clOxidirvatestseacarieeamicusincels erasers 5.601 3.499 3.040 Slat 
LS KobsabeshORGh-ais bi omn oo oeeol ONO N OS OreInE 3.738 See 4.020 2.25( 
Manganic Oxid/ (bt) iene claves vl. ssc-cs. O08 020268" — 3.8 See 
SU KOSFR Oh Seg eo ORO OUAe COMOROS | iacus 1.370 1.47( 
ESNITEON| cj 'or wiore/eete.ste MSdn Ss AA GOCOOEROONS 5.072 Systetevh 2 be r(S0) 2.97( 
MOULIN grcevet ay sreteca.elonehajalevelevetateMiona diel aigislanacacec 100.851 100.265 100.690 100.096 
O equiv. to Chlorin...... Peace iissiorchete 0.007 0.013 0.690 0.206 
100.844 100.252 100.000 99.89 

Ota leNithomenttecteccnie cra siselele store iarotersia 0.147 0.069 0.080 0.072 
MELULITLITS tesereeeicioiars at oieinisjersinele'e siete late setae Ov 2G etgeeect lettermen nays eicis/ 0.248 


Samples 724 and 725 represent the soil and subsoil of the Ex- 
periment Station plots. The surface soil has a depth of one foot 
and the subsoil was taken to a like depth, so the samples represent 
the first two feet of the plot. Samples 697 and 785 represent soils 
of orchards which have suffered severely from the effects of exces- 
sive quantities of nitre. These four soils differ principally in the 
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amount of silicic acid set free upon digestion with hydrochloric 
acid. The carbonic acid may be considered as existing wholly as 
calcic carbonate which is essentially correct, for the calcic carbonate 
can be detected in most of the soils by simple physical examination. 
The humus in our soils is usually low in percentage and though 
apt to be richer in nitrogen than the humus of states with a higher 
rainfall it is not always so. The total nitrogen content of our soils 
as indicated by a fairly large number of analyses is not far from 
0.10 per cent. It follows that a great many of them are below this 
amount. The four samples given illustrate this and show that 
there is no excessively large quantities of nitrogen present in the soil. 
The nitrogen determinations were made by the plain Kjeldahl, as 
it was not supposed that the nitrates were present in sufficient quan- 
tities to influence the results, assuming that this is correct it would 
appear that about one half the nitrogen in number 697 was present 
in the form of nitrates for we found 0.037 per cent of nitrogen 
calculated on the air dried soil in the aqueous extract as nitrates. 
The amount of nitrates present in the soil at a given time seems 
never to have been made the subject of study, probably because they 
are very small. The Rothamsted experiments lead to the conclusion 
that in good agricultural land cultivated as bare fallow about 80 
pounds of nitrogen were transformed into nitrates in 14 or 15 
‘months between ‘the removal of the preceding crop and the taking 
of the samples. This includes the nitrates carried out of the land 
py drainage. The source of these nitrates is not considered. They 
“may have been and probably were largely formed partly by nitrify- 
ing processes, partly by fixation. Storer further states ‘In three 
fields at Rothamsted 56.5, 58.8 and 59.9 pounds of nitrogen in the 
form of nitrates were found in September and October taking the 
soil to a depth of 27 inches. In one of these fields 49 pounds of nitric 
nitrogen occurred in the uppermost 18 inches. This result was due 
4 the richness of the soil in nitrifiable matter. The other two fields 
‘in less favorable agricultural conditions contained only 33.7 and 36.3 
pounds of nitrate nitrogen in the uppermost 18 inches of soil.” Lip- 
‘man states that “The determinations of nitrates, at Rothamsted, 
n the drainage waters of land that had been kept fallow, showed 
in annual removal of 40.2 pounds of nitrate nitrogen per acre.” 
The maximum of nitric nitrogen here given, 59.9 pounds, gives 
only 359.4 pounds of nitrate of soda per acre taken to the depth 
‘of 27 inches; while we found in number 697, 9,040 pounds in an 
cre foot after the rich surface portion had been removed. This 
urface portion contained in the uppermost four inches of soil 
2,747 pounds of sodic nitrate. It is understood that sodic nitrate 
S$ used simply as a convenient form of expression and is not in- 
ended as a definite statement that there were no magnesic or calcic 
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nitrates present. ‘The fact is that in some samples we have had tc 
combine the nitric acid with these bases because there were no othet 
acids with which to combine them. Another consideration wil 
give an idea of the amount of nitrates in our samples, especially oi 
the surface samples, i. e., that the India saltpetre earth carries < 
total of nitrates varying from 1.6 to 12 per cent and that the caliche 
worked in Chile carries from 21 to 51 per cent while these samples 
carry from about two tenths to more than six per cent of the ait 
dried soils. 

It may be thought that the amounts of nitric nitrogen giver 
for our good agricultural soils are exceptional, even for Colorado 
in order to answer any such misgiving which some may entertain 
I append tables containing 100 determinations representing 64 dif- 
ferent fields. 

The following 46 samples represent as many different beet 
patches. The samples were taken to a depth of six inches, Octobet 
I-15, 1909. 

NITRIC NITROGEN IN FORTY-SIX SAMPLES OF BEET SOILS. 
Results Given in Per Cent of Air-Dried Soil. 


Mee cecal che. oaWanwivrie Uoliemebers 0.001250 24, o Seiten omar Psat cic nee 0.000200 
Oe eg A aes eke i Ra asi 0.000050 PAS PEI An 55, Cae PO 0.000075 
Se ot Em cuak te acteeh packs 0.006000 2605 eR AES re ree arene 0.000100 
A aeP Ween c etic bah anel s Nols tisoyens 0.008000 yi PE BISA Onl oe NOI: Trace 
Deeper ale crcnenel ousie erie 0.000120 28.0 Tate nynw, ase eet 0.000050 
(ie ARR on Ponce Sacer a arenas 0.002000 3 Plate BAN Ue PRE deat 0.000025 
TROD Aire the te, see aratiwusiaiaet ers 0.000075 SO Rees or ital, ieee 0.000800 
me Betts se wy ae Seek aihatin fs. Shr 0.000800 SS Skee scdiss aie osaerenene 0.000025 
QUIET a eae te anclo iveveceat iets 0.003500 Olina ees aio cM eae aneeahe 0.010000 
TUS aia Seek th ee Aa eerie 0.000050 SORREE vate Stet eee 0.007000 
SLM a cots Rope aines ven ete apts Poa 0.000800 BAIN cenonais tal siarac cuore Peet Trace 
TDS eiiy Peden cal Sais ba ia'al os "o 0.004000 Sana we Pleeaner cpaice estes arene 0.000050 
Gt aas WMer tached. elie Jest a lao 0.000600 3 Gy ialcherehateote Sin mena eras Trace 
RA tite oe Con ate ore 55,01 fal oa 0.000600 OTe pcdebcee alee, Wa ace eaetawahe 0.000100 
ATR RB et ate: SAS ara Mec ests: ah asa 0.000100 i Pee es 75 Me Re ee A 0.002500 
Ge Poneto tsetecacc ta hue: aster eis 0.002000 SOP reeiteysete sg cuscn tt scene 0.000150 
Teme eRe Sek aha eg aseawn, Soe 0.000075 40S Sica. oe ae 0.001250 
ALES tees cer rey ee at ay Sees 0.000100 4s iaiepemtee  carie.<n ces cheer 0.004000 
Ts ce ay SR RNa Cer ACReC ONCE NCR Ra 0.000200 DD eet Ss | AREER Se Trace 
DORON ete Si on ons elas 0.000200 POMS cic. cc Rm Ce aoe Raa os 0.001500 
Emmet Mevar sth euiatte ic cs" cake, sia cee 0.012000 eine oh ee nRMRaRer eae 8 0.016009 
EE Mahe sho coia\als jal eeak anes 0.003500 ALD is Oh eae e eens ic toe oo aes one 0.001500 
Dt meCate Wc Glace: ine wosuetece"s 0.000800 A GS ieaapeuces | es scsucbo ees 0.000075 


The above samples represent a variety of soils on which beets 


are grown. 


Some of the land is low and heavy, some of it high, 


light and well drained. The table shows that the amount of nitrates 
represented in these soils varies from a trace to 1,920 pounds in 


the top six inches of soil. 


The following 54 samples from 18 different beet fields con 
lected Jan. 26-31, 1910, show the amount of nitric nitrogen in the 
top six inches of the soil at this date. 
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NITRIC NITROGEN IN EIGHTEEN BEET FIELDS. 
Results Given in Per Cent of Air-Dried Soil. 


Number In the Beet Row In the Furrow In the Turning Row 
ERR ne hey rae ee OL0O0625.... 5.00.3. ORO MONDE oe Menace 0.000625 
20 is Sk es a ae a SVG Uy 2a Ss 8 aa OROOTS: sae Sse <0 0.003 
eT LO e eh eo tn. fete OLOOOS TEs. oo. OOO Oia wets wie: at: 0.000375 
tA, TEGO heey CEE ee re UUSUAUN USS ese ge oa (Ue DSI ee py alin eines aie 0.008 
‘3 S| SRR eee rea ae ae OOM eT erie win os OS00 038305 vias cis. 0.0015 
Sneha RRR Sea ee age OR GOD Meher vec.) : OLO OOD =— iis ssc 0.00175 
Cea. Seat AE eal OSA tr O20 CURES ers 3 heed ORO Ge ee awe Aen ci sicen 0.0005 
Seanad Rs: cee esl sea? bie. 8 CORUM) Sy at as ee eee OS OOM ei he sane) 2 ae 0.002 
Se eg Ea ate eae eee OC OOOH Drs note 3. OSOO OD pas eae 0.00025 
LUE oe caller to ortega si, aa an ORO Mra ees soe Sk OO 00ST Sete cc aca. t 0.0005 
SMU ars reyes Le arerk tte alleviate. di eels OnOG ONTO MEG 5 as ORDO DG 25) oie oie 0.0005 
5D NSS SPR ene yee OV ULO Oi a eo scr ORONO Zit recte. 6 cists cose 0.000375 
(USial 8 Agar 2 TG ae ee ae ere aC OLDE SS Se Sa ie OOO OTD Assis. satan 0.000375 
BOR se aii. ae Ra ae © Ona AWeace ONO OMe cco os ORO OTO =e. res pare 0.0005 
SE ech ted eet ot +) ois te + hen su) Saris OE OOO STIS sires sors: 4 RS GHOOOE = ni eticneisrs. 0.014 
MN MRS rinatios = ciety v= Sas ee Sak Se OU WO OG ise Is ss OOO OOS so crs re ake 0.0002 
Memmi eters. Stout aioe tre ORO GOS EBs, 5c « OROON 2 Div fr oteu sie. arely 0.001 
BES etre talent chore: ol tana erates BOA ae dewehaesre «Ste ONO COMES ie bigeteta ca 0.001 


: The preceding table gives us an idea of the amount of nitric 
nitrogen in our cultivated soils. All of the samples were tkaen 
to a depth of six inches. The activity of the azotobacter is assumed 
to have been moderate not only at the time the samples were col- 
lected but also for a rather long period before, as the ground had 
been frozen at least two months prior to this date, and had re- 
mained frozen for some time. The rains and snows during the 
- autumn had tended to wash the nitrates deeper into the soil. The — 
1 amount of rain fall during the months preceding the taking of 
3 
: 


SV eS 


these samples or practically from September rst to February Ist, 

was 3.83 inches of which 3.36 inches fell between September 12th 
i and December Ist. 
; The samples were taken, as we see, in mid-winter from fields 
: which had been in beets and after a season with heavy rain or snow 
falls in late autumn and severe freezing. The crops would natur- 
ally be supposed to remove considerable quantities of nitrates, the 

rains and snows would be expected to wash them into the deeper 
portions of the soil, and the freezing weather should have retarded 
_the activity of the azotobacter. Still the table reveals the presence 
_ of nitric acid equivalent to 180 pounds of sodic nitrate in the sur- 
_ face six inches of two of these fields and 600 pounds in another. 
These samples were taken between beets in the rows. ‘The samples 
taken in the furrow between the rows give us a maximum corrs- 
ponding to 360 pounds of sodic nitrate in the top six inches of 
soil. The turning row, however, gives us an idea of the amount of 
nitric acid that may be present and at the same time some idea of 
the difference in the amount of nitric acid or its corresponding 
nitrate due to the presence of beets. We have for the fourth farm 
_ nitric acid between the beets corresponding to 180 pounds of sodic 
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nitrate, Chile saltpetre, in the upper six inches of the soil, and in 
the soil of the turning row there is five times as much, 900 pounds. 
We sometimes find less nitric acid in the middle between the rows 
than between the beets in the rows, though we usually find, more. 
The presence of larger quantities of nitric acid in the fallow ground 
of the turning row is a fact which one would expect as the sun- 
shine, air and soil conditions are favorable for its production. The 
same is true for even small spots within the beet field which for 
some reason or other may chance to be fallow. The percentages 
of nitric nitrogen found in the beet plots at this station may be 
used to show this; in a fallow, i. e., a bare spot 0.002800 per cent; 
between the beets in the row next to it 0.00040 per cent. Again in 
the beet field among the beets 0.0001; in an oat field 0.0001; in a 
fallow strip 0.0035; in another fallow spot in the field, 0.0004 per 
cent. 
The significance of the analytical data may be presented by the 
following averages representing the College farm at Fort Collins: 
Per Cent of Nitric Nitrogen 


71 Samples 2 and 8 inches deep, Oct. 4-18, 1909............ 0.000626 
28 Samples 3 to 6 inches inclusive, Oct. 18, 1909 ........... 0.000515 
25 Samples 7 to 12 inches inclusive, Oct. 18, 1909 ........... 0.000329 
6 -Samples' 21-2 feet deep, Octs 1:8; 1909 25 Nae. come wo ee 0.000499 


The following samples represent other farms, sixty-four in 


number: 
Per Cent of Nitric Nitrogen 


46 Samples Gvinches deep Oct. V<V6, | 19: 0/Gietuercy-na ee. cls eaenced dee 0.002005 | 


54 Samples 6 inches deep, Jan. 26-31, 1910 ...........:... 0.001271 


The College land contained in October less than one-third as 
much nitric nitrogen as the other 46 farms sampled at the same 


* 


time, and about one-half as much as 18 other farms sampled in — 


January, 1910. This is very striking as the samples from the Col- 


lege farm were taken to a maximum depth of three inches while the 


others were all taken to a depth of six inches. 
That there has been a decided deterioration in the quality of 


our beets within the past six years cannot ,I think, be doubted. — 
Many causes may have attributed to this, but the discussion of these 
at this time would be out of place. Suffice it, for the present pur-— 


pose, to state, that there are many fields of good beets every year, 
but that in spite of this the average quality has been deteriorating. 
The past few seasons seem to have been especially favorable for 


the production of nitrates in the soil, and I am of the opinion that — 


there is a direct and intimate relation between these facts. 


The amount of nitric acid present in the sugar beet is usually — 
assumed to be small, more in the French beet than in the German. 


but the amount is always small. Further the nitrates are usually 


considered as molasses formers. We have examined our beets 


eT 
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qualitatively for nitric acid and find it present in quantities, which 
are easily detected. I have been kindly furnished with samples of 


Steffens waste water from several factories in this state and find 


them uniformly rich enough in nitrates to give a strong reaction 
without one’s going to any particular trouble to prepare the waste 
water. There is nothing new in the occurrence of nitric acid or 
nitrates in beets. It has been shown that the leaves have contained 
as much as 0.16 per cent of their green weight, which is stated to 
be exceptional in plants. Stock beets have been found to contain 
0.126 per cent and sugar beets 0.164 per cent of their green weight. 
The last percentage was found in beets which had been heavily 
manured with saltpetre or other highly nitrogenous manures. No 
information is given concerning their deportment in the factory. 
The nitrates have been considered as exercising a prejudicial in- 
fluence on the working qualities of the beets if applied alone, in con- 
siderable quantities and after the plant has attained to some size. 
It seems possible that we may have in these facts the explanation 
for the deterioration of our beets. The nitrates are being con- 
tinuously formed in our soils. In the turn row of field fifteen, we 
find nitric acid equivalent to 1,680 pounds of sodic nitrate in the 
surface six inches per acre whereas we find the equivalent of only 
120 pounds in the furrow between the rows. We must be careful 
about drawing extreme conclusions in regard to the amount of ni- 
trates used by the crop. The quantity was almost certainly materi- 
ally less than the difference between 1,680 and 120 pounds because 
the ground had been shaded by the beets during most of the season 
and this would make some difference; further, the row had been 
washed out by the irrigation water applied, etc., but the possible 
supply for the beets grown on this field was as much as 1,680 
pounds in the top six inches of soil per acre. This determination 
was repeated and checked by the determination of the nitric acid 
in the aqueous extract of the soil by a different method. 


The soils here considered are such as were planted to beets last 
season, 1909. ‘The extreme cases given in other portions of this 
bulletin are soils in which this process of fixation has proceeded so 
far that they are now barren, due to the excessive amounts of 
nitrates. 

The past season may have been an exceptionally favorable one 
for the azotobacter and we may not have the recurrence of such 
serious results for years; there is, however, no assurance that this 
may be the case. In fact we have no data relative to the effects of 
the season upon the activity of the bacteria. 

One question has undoubtedly suggested itself in regard to the 
origin of these nitrates, i. e., whether the popular idea that the irri- 
gation water brings them to the surface may not be correct. Some 
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at least will deem this question as deserving a definite answer espec- 
ially as I have found that the waters issuing from the shales under- 
lying the mesas carry significant quantities of nitrates. The shales 
themselves when a sufficient quantity of them, 1,280 grams, were 
extracted with water actually showed the presence of a trace of 
nitric acid. There are two samples of waters and one of shale 
They represent three different localities, two of them within 
three miles of one another while the third is more than 50 miles 
from either of the other two. This might mean that the shale area 
is very large and though it contains but a trace of nitric acid 1t 
might suffice to furnish all of the nitric acid which has been found, 
especially as this water has been issuing from these shales and fill- 
ing up the lower portions of the country for a very long period. 
This can all be answered very easily by stating the following facts. 
The mesas above these shales are cultivated and bad nitre spots oc- 
cur on top of them, in one case 80 feet above the level at which the 
water was taken. Second, that nitre spots occur in entirely differ- 
ent geological formations where these shales do not occur, in allu- 
vial deposits and under our ordinary prairie conditions, in othet 
words the shales considered as a source of the nitre would not be 
adequate for the explanation of the greater number of occurrences 
and independent of any other reason than their insufficiency, we 
must seek for a more general source or a cause sufficient to ac 
count for all of the occurrences assuming that they have a commor 
cause, which is reasonable, at least, until we are sure that they have 
different causes. 


The occurrence of nitrates in the waters and apparently in the 
shale is susceptible of an easy explanation, i. e., the nitre spots 
which are only exaggerated instances of a general condition, occut 
in the lands above the shales. The water that falls or is put upot 
these lands washes the nitrates down into the shales. The soil has 
no power to retain these salts and this seepage water is simply wash: 
ing the nitrates out of the land. The shale from the brick yard wa: 
saturated with this water and the same water was used in making 
the brick. A trace should be present in the aqueous extract of the 
shale as we find was the fact. 


The effect of the nitre on vegetation has been alluded to; th 
spots where the soil is rich in nitrates is entirely barren. Se 
Plate Il. The most serious manifestation with which we have ye 
met was the rather sudden death of a large number of apple tree: 
mostly in June 1909. See Plate III. Plate IV is a view of th 
same rows outside of the affected area. The leaves began turning 
brown at the apices, then along the margins until the whole lea 
was involved. See Plate I. Sometimes it did not affect the whol 
tree, only a few limbs being attacked. Other trees, beside apple tree: 
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were attacked. A number of cottonwoods were affected in this 
way. As elsewhere stated the condition of the soil in regard to 
excessive water was immediately investigated but we could not 
find any reason for attributing the trouble to this cause. One case 
in particular was instructive, it was in the remnant of the orchard 
designated Orchard No. 2. See Plates II, VI and VII. Plate VII 
zives a good idea of the size of this barren area as well as the killing 
of the remaining trees. The trees in the background are of the 
same age as those in the foreground. The dead tree in the middle 
of the background is the same tree that appears in the foreground 
of Plate II. 

There are a few trees on the east side of the orchard which 
2ad up to that time remained in very good condition, in fact, were 
juite thrifty trees. These trees are shown in the background of 
Plate VI. These trees died suddenly. Plate VIII shows a tree killed 
late in the summer. ‘The crowns and roots of these trees were ap- 
yarently healthy. The roots were followed for six or eight feet 
from the trunk of the tree, nothing could be found to indicate any 
cause for the deportment of the tree. I had known for three years 
hat this ground was very rich in nitrates and locally in chlorids. 
[his determined me to make some experiments with nitre and salt. 
[he nitre in this soil amounts to many tons per acre foot, 56.7 tons 
in the surface foot. It was evident that I had to deal with large 
juantities so I applied nitre to some young trees in an experi- 
nental orchard and irrigated them to bring the nitre solution ia 
-ontact with the feeding roots. The amounts applied were from 5 
fo 20 pounds per tree. The results were that in those trees, about 
which I buried five pounds of nitre each, some of the limbs were 
reached and others were not, in other words in applying the nitre, 
(Chile saltpetre was used in this experiment), I had reached some 
of the feeding roots but the others had escaped. With the applica- 
tion of 20 pounds I succeeded in reaching all of the roots, at least 
_ killed the tree in about four days. Judging from the deportment 
of these trees, I can conceive of ones failing in an experiment of 
his sort, even though he applied large quantities of nitre or other 
0ison provided the poison was not put within the feeding area of 
the roots for the effects produced on different trees was by no 
neans proportional to the amounts applied to the soil, the applica- 
ion of five pounds produced just as pronounced results as the appli- 
ation of 10 pounds. This of course depended upon the root sys- 
em of the tree and the location of the nitre. ‘The effects were in 
Ul respects similar to those produced in the other orchards, the be- 
yinning and progress of the effects, the killing of the leaves, the de- 
oortment of the tree in throwing out a few whitish-yellow leaves and 
che appearance of the bark and wood after death, were identical. An 
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application of large quantities of salt proved injurious but did n 
produce these effects. Prof. C. S. Crandall of the University 
Illinois, also experimented on the effects of nitre but he introduc 
the solution under the bark by properly attaching a vessel fill 
with a solution of nitre to the tree. He wrote me that the rest 
was the same as on the trees which I had shown him. There 
no doubt but that the nitre in the soil is capable of producing the 
effects. The more observant and intelligent orchardists also blan 
the “black alkali” which in this case is nitre, it may be calcic, ma 
nesic, or sodic nitrate and is probably usually a mixture of tl 
three. A very simple explanation for the death of the trees sugges 
itself. The nitrates accumulated in the surface soil were probab 
carried down to the roots by a rain fall or an irrigation at a tin 
when they were very active and enough of the nitre was gather 
to do the injury. I am convinced that this simple explanation 
the correct one. It matters not that there is arsenic in this so 
These trees are not affected in the least as those are which are i 
jured by arsenic. These may grow thriftily until the time of the 
being killed. This trouble is not scattered through hundreds | 
orchards or even through one orchard, a tree here and there, b 
is confined to areas. See Plates II, IV and V. ‘The orchar 
designated as Nos. 2 and 3 have been totally destroyed in part 
these parts of the orchards constituting an irregular but continuo: 
area. Other orchards present similar conditions. Both old at 
young trees have been killed during the past season, nineteen hu 
dred and nine. 


This is the only effect of this soil condition that I wish 
present at this time though there are other serious agricultur 
conditions which I believe we will find attributable to this caus 
i. e., to an excess of-nitre in the soil. Sometimes too much at ot 
time as is attested by the death of apple and also other kinds | 
trees, sometimes to too great an aggregate supply during the seaso 
The following may illustrate what I mean by the latter statemer 
It is generally conceded that the application of nitrates to the sug: 
beet except in the earlier stages of its growth is detrimental to tl 
quality of the beet. The following recommendation has been mai 
in regard to the application of nitrates to this crop. One hundre 
and seventy pounds per acre applied in conjunction with farmyai 
manure in the fall and 245 pounds also with manure in tl 
spring, a total of 415 pounds. ‘This is applied either on the surfa 
or near it and the crop is not supposed to receive further applic 
tion of nitrates during the season. But what will be the conditic 
of the crop if it should receive a continuous supply amounting du 
ing the season to, say, 600 or 800 pounds or is planted in soil whic 
already contains several times this amount per acre. If the assum 
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ion that nitrates injuriously affect the quality of the beet when 
resent in large quantities, then beets grown in such soils ought to 
€ very poor, not necessarily in crop but in quality. I have seen 
eets planted in ground ‘so rich in nitrates that when the water 
oluble residue, arnounting to 4.6 per cent of the air dried soil, was 
reated with ferrous sulfate and sulfuric acid the red brown vapors 
f NO, could be seen filling and even flowing out of the test tube. 
his sample of soil was taken October 11, 1909. There was only 
ere and there a straggling beet in this portion of the field. Ad- 
oining this was an area of big green tops with medium sized, 
yhite, brittle beets. The sugar content and coefficient of purity 
yere not determined. This study has probably only been begun. 

Plate V illustrates a beet field, not the one referred to above. 
‘he amount of nitric acid in this soil is very high, as high as that 
f some of our orchard soils in which it is measured by the ton per 
cre foot of soil. I have tried to give facts enough to place the 
ecurrence of these very large quantities of nitrates in our soils 
eyond question. I have endeavored to give reasons for believing 
hat the nitrates are not derived from the shales which are often 
opularly assumed to be the source of this “black alkali” or nitre. 
have given one instance of its serious effect upon orchard trees 
ut hold back other features of its influence upon our agriculture 
or further study. 


Unaided by bacteriological investigation, until within the past 
ear, I had to content myself with a theory in regard to the source 
f these nitrates. I found a few things common to these occur- 
ences. ‘They were all so situated that while the water was not 
xcessive there was an adequate and constant supply of it. The soils 
ire almost uniformly comparatively poor in nitrogenous matter and 
here is always an abundance of carbonate of lime. We have some 
yecurrences of these nitrates in the northern parts of the state but 
hey are always in places where we have comparatively even, high 
emperatures for goodly periods at a time. These are favorable con- 
litions for the development of a bacterial flora. I believed that in 
hese places the flora was a nitrogen fixing one. I presented these 
jews to Professor Sackett and have been fortunate enough to 
ybtain his aid in carrying the investigation further on bacteriologi- 
al lines. Considerable preliminary work has already been done 
nd we purpose to continue the work in the field and in the labora- 
ories even beyond the limits which we now see and there is much 
ork within these limits. Professor Sackett and I have already 
athered samples from several sections of the state. All of the 
amples so far examined are from localities that I have known for 
several years and in one sense are from promising places, 1. e., from 
sctions rich in nitrates. Some of the samples are unfortunately so 
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rich in nitrates that the nitrogen fixing flora has practically pe 
ished. One thing is characteristic of them all, i. e., the brown colc 
of the soil, hence the common term “black alkali.” This is mo: 
striking along the roadsides where we sometimes can observe th 
dark color continuous for as much as a mile at a time. No sample 
were taken from such places. ‘The dark color is possibly due t 
the bacterial flora itself as the azotobacter form yellow brown c 
dark brown films. The following numbers are simply laborator 
numbers for a preliminary series and may not again be presentec 
this of course is entirely in Professor Sackett’s hands. Professc 
Sackett found that these samples were comparatively rich in nitre 
gen fixing bacteria of which he finds a considerable variety. It: 
not time to state any conclusion even tentatively held. Professc 
Sackett has given me the following results which may suffice fe 
the present purpose, i. e., to place the source of these nitrates be 


yond a reasonable doubt. The nine samples represent five localities 

Number 1.—A surface soil very rich in nitrates. 

Number 2.—This sample is from the same locality taken to a depth ¢ 
6 inches. 

Number 3.—Same locality 12-14 inches deep. 

Number 4.—Taken as normal soil for this locality, 2-6 inches deep, n 
water at a depth of five feet. 

Number 5.—Another locality from 2-6 inches deep. 

Number 6.—Another from 2-6 inches deep. 

Number 7.—Another locality from 2-6 inches deep. 

Number 8.—Normal soil near No. 7. 

Number 9.—A normal mesa soil in an alfalfa field with no apparen 
trouble. 

NITROGEN FIXATION. 
Milligrams Nitrogen Fixed in 100 CC. Mannite Solution, Infusion of 1 
Grams of Soil Added, 


10 Days 20 Days 30 Day 


InGohanllots on Jka af Ae Onies GD CA BOAO SOR Reems © 5 56 0.00000 0.00000 1.0507 
ONG EU DEE 2 ceciete ec cretakestclewsus Shere sic] is «coo: 01 osteo heteers 0.00000 1.19085 0.5604 
EINCITIDDEL Omer n ern einie nt wiki Arla tie sil < ance wet ee 1.78627 3.08220 3.4324 
ING an nine ee reece ce teamlayse at Ntevelew aha ene onde fae emer 3 92780 6.16440 12.4685 
INR oe On acters Dacian tein caravsiatalic-oe-s v.64 «/e eee 0)..63045 0.84060 3.0822 
Number 6...... DPMOR eae lataticiole lc, aera: aisle, 6 CS 0.07213 0.77055 3.5726 
INAESTRIBLD On7 erica POAC STE 1S PROS TIE APIER eae AER ene ss 1.72130 3.50250 3.0121 
TRAD NOL OYS) Re Sours et LN OM eR EI SE PE etic 1.87562 2.38170 2.8720 
INITITLD Sin Orns MEe ERI eieeie pie cies ie einaei otis @ he oe 4.13431 13:02930 10.1572 


All questions of technique and further detail will be presente 
by Professor Sackett in due time. 

The great variety of soils in which I have observed this troubl 
and the variety of differences in the appearances of these plang 
make one hopeful of very interesting results. 

We may be pardoned for adding the following consider ation 
possibly of some geological interest. The source of the nitroget 
present in the Chile saltpetre beds has been the cause of mucl 
speculation. The source of the nitrogen in the India saltpetre eartl 
is considered as evident and the formation of the nitrates is suf 
ficiently accounted for by the action of nitrifying bacteria, whig 

& 
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convert the nitrogen of the liquid excreta of the households into 
nitric acid which may be recovered in the form of potassic nitrate. 

In the case of the Chile saltpetre we have no definite evidence 
regarding the source of the nitrogen and as a result we have a va- 
riety of theories to account for its presence in such extremely large 
quantities in the form of nitrates. Almost every conceivable source, 
the droppings of great herds of animals, guano or the drop- 
pings of birds, marine vegetation, etc., have been suggested. 
These sources attribute the formation of the nitrates to the action of 
nitrifying’ bacteria on nitrogen of animal,or vegetable origin. I 
know that this has not always been stated in just this way. Another 
source which has been suggested is the atmosphere. It has been 
claimed that the hydrated oxid of iron has the power to induce 
the oxidation of ammonia salts and that other basic compounds, the 
alkaline carbonates, for instance, have the power under certain con- 
ditions of inducing the oxidation of atmospheric nitrogen. Again 
the electric discharge has been suggested as the cause of the union 
of the oxygen and nitrogen of the atmosphere to form nitric acid, 

which falling to the earth as a dilute solution of ammonic nitrate 

in rain water may have reacted with the carbonates of the alkalis 
or alkaline earths which would then be carried with the waters to 
natural basins from which the waters have subsequently evaporate] 
leaving the nitrates in their present form and place. 

The facts which I have found obtaining in such large districts 
in Colorado suggest the possibility that the atmosphere is the source 
of the nitrogen in these nitrates but that the agency which has 
transferred it from the atmosphere to the fixed form of the nitrates 
is not the electric discharge nor the action of alkaline carbonates 

on the nitrogen of the air in the presence of oxidizable matter, but 

to that of those micro-organisms, the azotobacter, which have the 
power of converting atmospheric nitrogen into nitric acid, respec- 
tively into nitrates, especially if there be enough calcic or other 
carbonate present to prevent the soil from becoming acid. 

We have in miniature a great many analogies to the occur- 
rences of Chile. In the lower parts of small basins we have de- 
posits of sulfate of soda, above this zone we have one rich in ni- 

trates. I have been told that in Chile they sometimes find calcic 
chlorid but usually sodic chlorid. We find samples in which calcic 
and magnesic chlorid together constitute 48.5 per cent of the water 
soluble portion. Others in which sodic chlorid constitutes 44.5 per 
cent of the water soluble. The amount of nitrates, dealt with in 
this bulletin, is surprisingly large. We have as the highest per- 
centages of nitrates found, 5.628 and 6.541 per cent of the air dried 
samples. ‘These samples were gathered from the surface soil and 
were not taken to any depth, perhaps the one showing 5.628 per cent 


48 THE CoLoRADO EXPERIMENT STATION 


may have reached a depth of two inches, but the area involved 
was small. The other sample may have reached a depth of an inch 
but the area involved was large, some eight or ten acres. In the 
case of another sample taken to the depth of five inches we find 
the nitrates equal to 2.571 per cent of the air dried soil. This sam- 
ple was taken to a medium depth and the area involved is at least 
eight acres and we would have 344,000 pounds or 172 tons of sodic 
nitrate in the top five inches of this land. In another sample taken 
to a depth of four inches we find that 1.706 per cent of the air 
dried sample is sodic nitrate. The area involved represented by 
this sample is certainly as large, i. e., eight acres, and we would 
have 189,971 pounds or practically 95 tons in the top four inches 
of this land. The largest amount of nitrates indicated by the analy- 
sis of any sample taken to a depth greater than four inches was 
in the case of a sample taken to the depth of one foot which con- 
tained 2.837 per cent of sodic nitrate corresponding to 113,480 
pounds or 56.74 tons per acre in the surface foot. These figures 
are given to show the large aggregate amount of nitrogen which 
is being taken from the air and converted into nitrates in these 
semi-arid soils usually fairly rich in sulfate of soda and containing 
large amounts of calcic carbonate. 

The aggregate area involved in this active fixation of nitrogen 
would be difficult to estimate accurately but as stated elsewhere in 
this bulletin it is present in widely separated sections of the state. 
In some places only a small area may be involved, in others it is 


almost continuous for miles. b 
SUMMARY. ‘ 

The cause of the barren spots in some sections of Colorado which is’ 
popularly, though incorrectly, called ‘‘black alkali’ is the presence of 
excessive quantities of nitrates. 

These nitrates do not come from the soil nor from the shale as fre- 
quently assumed but are formed in the soil. 

The death of many apple trees, some poplars and other shade trees” 
during the season of 1909 was caused by excessive amounts of nitrates 
in the soil. 

These nitrates were carried down within the feeding area of the 
roots by the spring rains and irrigation. 

The amount of these nitrates accumulated in some of these soils is 
already very large, amounting to many tons per acre foot of soil, 100 tons 
per acre foot having been indicated by some samples, 

The agency by which the nitrogen of the air is converted into these 
nitrates in the soil is a group of micro-organisms possessing the power 
of converting the nitrogen of the air into nitric acid. 

These organisms have a very wide distribution in our soiis and are not. 
always hurtful, but when the conditions of the soil, including moisture, 
temperature, and the presence of much alkaline earth carbonate, become 

very favorable they develop so vigorously that. they produce the effects: 
recorded in this bulletin. 

These organisms thrive in some of our best cultivated lands, ands 
some of the anomalies of our agriculture fre probably due to them. 

The very considerable amounts of nitrates found in some of our 
soils, together with the large areas so enriched, and their wide distribution 
suggest the probability that the formation of the nitrates of Chile an 
Peru may have been due to the agency of these organisms. 
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CLEAN MILK AND COMMERCIAL STARTERS AS 
FACTORS IN BUTTER MAKING 


By WaLrer G. SACKETT. 


It is a fact familiar to all of us, whether we are buying butter 
or whether we have butter to sell, that farm, ranch and countty butter 
seldom, if ever, commands as high a price on the retail market as 
creamery butter. There are no doubt cases where precedent, alone, 
dictates the price of the farmer’s product, it having become an estab- 
lished custom in certain towns and’ at certain stores to pay the country- 
man from five to ten cents per pound less for his product than for 
the creamery goods. Injustice is often done the farmer in this way, 
for some country butter is equal in quality, if not superior, to creamery 
butter. Why, then, this universal custom of rating the creamery 
product above that of the ranch? The cold truth of the matter is that 
the average run of ranch butter is inferior in flavor and keeping 
qualities to the ordinary creamery output, and the consumer is not 
willing to pay the factory price for the inferior home article. The 
question at once arises, why this should be the case, for, most cer- 
tainly the conditions which enter into good butter making ought to 
be more easily controlled by the individual farmer, who can give 
his personal attention to each step in the process, from the milking — 
up to delivery to the consumer, than by the creamery overseer who | 
must take the whole milk or gathered cream from many different 
sources, some clean, some filthy, and mix it all together. Yet by 
proper handling from this point, he is able to turn out a first class 
product. Of course, it goes without saying that no one can make as 
good butter from dirty, filthy cream as from that which has been pro- 
duced on a clean farm where some attention is given to the sanitary 
conditions. Cleanliness is without question the first and foremost 
consideration in making either good butter or cheese. "The word 
cleanliness when used in connection with the dairy and dairy products 
has a very broad meaning and demands the attention of everyone who 
has anything at all, no matter how insignificant, to do with the care 
and handling of the milk and cream. ‘The farmer who does the milk- 
ing is apt to forget that dirt and filth are intimately associated with 
his part of the work, and no matter how careless he has been with the 
milking, he expects the good housewife to turn out a butter of excel- 
lent quality, which will score as high or higher than the creamery 
product. This is absolutely impossible and out of the question. 

Those who are engaged in butter making as a profession consider 
that the two most important factors in sood butter making are clean 
milk and proper ripening of the cream. Both of these can be con- 
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trolled by the butter maker no matter whether the output is a thousand 
pounds a day or six pounds a week. Clean milk can be obtained only 
by the most scrupulous care on the part of those who are entrusted 
with the handling, and the proper ripening of the cream is best 
accomplished by the use of what are known as commercial starters, 
which will be discussed fully later on. 


To the majority of people who use milk or cream in one form or 
another, clean milk signifies milk free from visible dirt, such as cow 
hair, hay, straw, etc. As a matter of fact, such forms of dirt are 
seldom met with in the milk as delivered to the consumer, and of 
themselves are practically harmless except to the esthetic taste. The 
milkman has learned to strain his milk and rid it of such debris. It 
is the filth that we can not see with the unaided eye that does the harm 
and makes the consumption of dirty milk dangerous. Every particle 
of dust, every hair, every bit of straw is covered with myriads of 
bacteria, and when these foreign substances find their way into the 
milk, the germs are washed off and immediately begin to grow and 
multiply in the milk. When we know that a single cow hair may 
harbor from 4,000 to 10,000 germs which can multiply once every 
half hour, are we not justified in labeling milk which contains such 
hairs as unfit for use? 


When every precaution is taken against contamination, it is pos- 
sible to obtain milk directly from the cow which contains as few as 
200. to 300 germs per cubic centimeter (one-fourth of a teaspoonful) ; 
with somewhat less care the numbers will increase to 5,000; when 
carelessly drawn and handled, it frequently contains in the beginning 
from 25,000 to 100,000. 


Many of our large cities have placed a limit to the number of 
bacteria which the city milk supply may contain and yet be offered for 
sale. The city of Boston (1) has set this number at 500,000, Rochester, 
_N. Y., 100,000, and Milwaukee 250,000. In New York City, Park 
(2) found that during the coldest weather, the milk sold in the shops 
averaged over 300,000 bacteria per cubic centimeter; during cool 
weather, about 1,000,000 anu during the hot weather, about 5,000,000. 
In Chicago, Jordan and Heineman (3) found in market milk collected 
during April, May and June, numbers ranging from 10,000 to 74,000,- 
000. Sedgwick and Batchelder (4) have examined samples of milk 
from groceries in Boston which contained over 4,500,000. Stevens 


(2). Article 51, Sect. 1. Regulations for the Sale and Care of Milk, Bos- 
ton Board of Health. 


Gy Park Jour. Hye., 1, 1901; 1, p. .30r. 
(3) Jordon and Heinemann: Rept. of Civil Federation of Chicago, 1904. 
(4) Sedgewick and Batchelder: Bost. Med. Jour., 1892, 126,p. 25. 
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(1) has shown the milk supply of Raleigh, N. C., to vary in bacterial 
content from 1,200 during November to 54,000,000 in May. : 

A number of the bacteria which fall into milk are harmless in 
themselves, but during their growth they bring about certain changes 
which produce disagreeable odors and flavors, and frequently del- 
eterious substances. The natural souring of milk is accomplished by 
the lactic acid germ. However, Marshall (2) has shown that the 
lactic bacteria are favorably influenced by the presence of other 
bacteria, notably by germs of filth, which for the sake of the present 
illustration, let us call “B.” The lactic germ we shall designate “A.” 
By growing the lactic acid germ by itself and also by associating it 
with the germ B, Dr. Marshall has been able to show the increased 
number of lactic forms when associated with B in milk. At the time 
of loppering or curdling of culture A+B, the ratio of the lactic acid 
bacteria in the two cultures was: 


PAGANI B27 Olas 


Again, he has demonstrated that germ B produces stable products 
which withstand sterilization and exert the same influence over germ 
A in milk cultures as the living germ. The comparative number of 
lactic germs in culture A and in culture (A+ products of germ B) 
was expressed by the ratio: 


A:(A+products of germ B) ::27:1007. 


From this it follows that clean milk will keep sweet much longer than 
other milk. We see this same thing every day in a practical way when 
we notice that milk from certain dairies sours so much more quickly 
than that from other sources, and if we trace down this matter still 
ee we invariably find that the better milk comes from the cleaner 
stable. 

There are also those forms of microscopic life which produce 
bitter milk, ropy milk, and milk of different colors commonly desig- 
nated bloody milk, blue milk and yellow milk. If these bacteria are 
present in the milk, they will be present also in the cream and will 
impart their disagreeable properties to the butter made from it. 

A few suggestions along the line of clean milk may not be out 
of place at this time. The writer feels that while this topic has been 
treated upon thoroughly and exhaustively in many publications and 
by institute speakers, yet, not all of us who are in the dairy business, 
have understood fully and put into practice the principles and meth- 
ods advanced by the advocates of sanitary milk. 

_ No dairyman who pretends to produce clean milk should allow 
his cows to have access to muddy bayous, wading places and irrigating 
ditches. It is not through any preference, but as a last resort, that 
cattle in the summer time stand knee deep in mud and water to get 


(1) Market Milk, bacteriological data. Cant. of Bakt, II Abt. Bd. XX. 
No. 4-5. \1907, p. IT4. 
(2) Special bulletin No. 33, 1905. Mich. Exp. Station. 
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away from flies. If some other provisions were made for their com- 
fort, they would not have to seek this refuge. Provide an abund- 
ance of shade in the pasture lot and fence off the mud. 

See that there is an ample supply of good, clean, drinking water 
and wholesome food. It is much better to do all of the feeding and bed- 
ding after the milking is done, since in handling dry hay or fodder, the 


air is filled with dust and dirt which will settle into the milk at milk- 
ing time. If the cows are allowed to eat while being milked, there 
_ is always more or less commotion caused by tossing the heads and 


nosing the feed, and this means a constant supply of dust in the 
stable. There may be some uneasiness shown at first if they are com- 
pelled to wait for their feed, but it is only a question of educating 


_ them to it. Those dairymen who are practicing this are getting good 


results and can testify to the improved quality of the milk. 
Some of the cow stables which one sees in traveling through the 


country are a disgrace to any civilized community. Just because a 


cow can endure such accommodations is no excuse for their existence. 
Warm, well ventilated, well lighted stables will pay for themselves 
many times over in increased yield and quality of the milk. Fly 
screens are a very necessary adjunct to a good stable, and a frequent 
coat of whitewash will help considerably toward its appearance and 


sanitary condition. If the stable is properly constructed, the cows 


can be kept clean and comfortable, and their flanks free from great 
masses of manure, which, when dried, is apt to fall into the pail 
during milking. It is to this source that we can trace many of the 
objectionable “cowy” flavors found in the milk. 


Manure must not be allowed to accumulate in the barn lot until 
the milker is compelled to wear hip boots to get through it on his 
way to the stable. The udder and flank of the animals should be 
wiped off with a cloth moistened with some germicide, such as 3 per 
cent. carbolic acid, or lysol, or 1-1000 mercuric chlorid, just previous 
to milking; the cows should be brushed frequently to remove any 
loose hairs or foreign matter. 


Very few dairymen stop to consider the importance of clean- 
liness of their own person when working around milk. It is the 
usual practice to put on the filthiest pair of overalls available, since 
milking in the average cow barn is considered a dirty job, which in 
itself is, indeed, an admission of guilt. The same suit of overalls 
is used while milking, cleaning out the cow stable, bedding the 


horses and hauling manure, and it is not until they become so stiff 
and caked with filth as to make it difficult to get into them, that it 
is considered at all necessary to have them washed. The dairies of 


today, which are producing certified milk, furnish their milkers with 
a clean, white uniform every day. If we could do away with the 
long standing blue jeans and adopt a white suit we should realize 


very soon that the cow stables need cleaning up, and that the length 


of time required for a pair of overalls to become soiled is much 


shorter than was supposed formerly. 


Milkers are not as particular about washing their hands before 


ee ee Nes 
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milking as they should be. It frequently happens that the hired man_ 
will be called in from hauling manure or feeding the pigs, or some — 
similar operation, to help with the milking. The chances are that — 
he will never think of washing his hands, but, if, contrary to the 
usual custom, he should do so, nine times out of ten he will wipe — 
them either on his dirty overalls or on a red bandanna that has es- ~ 
caped the wash tub some three weeks past. 4 

It seems almost unnecessary to have to call attention to the © 
danger of employing persons as milkers who are suffering with any ~ 
contagious or infectious disease. Tuberculosis, typhoid fever, © 
and diptheria may gain access to the milk through such chan- — 
nels, and epidemics follow as a result. No one who is afflicted with © 
any of these troubles should be allowed any part, no matter how small, — 
in the care and handling of the milk. 4 

While speaking of the spread of disease through milk as the © 
medium, the common house fly must be charged with being the most — 
dangerous agent known to humanity in polluting milk, and the great- — 
est menace to public health by way of spreading disease. The bare ~ 
statement of this fact should be sufficient to convince any one of — 
average intelligence of the great importance of exterminating this ~ 
pest, 


= 
= 


As a rule, the housewife, to whom is entrusted the cleaning of 
the pails, pans and cans, does her work more thoroughly than the — 
others associated with her in the dairy work. However, it may not ~ 
be out of place to mention one or two points in connction with her — 
duties. The mere scalding of a utensil by pouring boiling water ~ 
over it is not always adequate to sterilize it and render it sweet and — 
clean. It is frequently necessary to allow water to boil in the pails — 
and cans for a half hour or longer in order that the dirt and grease 
which find their way into the cracks and seams can be soaked up and 
gotten rid of. Some good washing powder should be used in this ~ 
operation. The strainer cloths should be boiled thoroughly. After 
thorough rinsing with boiling water, the different utensils should be ~ 
placed in the brightest sunshine available, and not on a bench on the 
shady side of the milk-house. Bright sunshine is one of the worst — 
enemies of germ life, and since it is so effective and so cheap, let 
us use lots of it, not only in our milk cans, but in our damp, musty 
cellars, “spare” bed rooms, company parlors, and then turning toward 
the dark, gloomy barns, give the horses and cattle their share. 


The writer has a farmer in mind whose usual custom is to cool ~ 
off his milk bucket, which has been sterilizing in the bright sunshine 
for half a day previous to milking, by pumping water into it from ~ 
a well located in the barn yard at the edge of a hog-wallow. This 
is certainly a very questionable procedure, since practically all of the — 
good from scalding and sunning is counteracted and more than this — 
there is often danger of introducing undesirable germs into the milk — 
by this means. x 

It is a matter of common knowledge, that milk absorbs foreign 
odors very readily and retains them as tenaciously. It follows, natu- 
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rally, from this that milk must be kept in a clean, cool, well venti- 
lated room, free from all taints and flavors. Anyone who has ever 
exposed a pan of milk in an ice box along with onions, boiled cab- 
bage, cantaloupes or cucumbers, or who has placed it in a freshly 
painted or varnished room, or who has allowed the cans of milk 
to remain in a vile smelling stable for some time, knows the inevitable 
consequence. The cream from such milk must necessarily give its 
respective flavor to the butter made from it, and when the consumer 
complains of an off flavor, the ranchman proclaims his innocence. 

Much of the dirt and dust, together with many disagreeable odors, 
can be obviated by arranging a small milk-room, adjacent to the cow 
stable and separated from the cows by a tight partitition. Here the 
straining can be done and the cans kept while they are being filled 
from the milkers’ pails. 

The cream should be cooled as soon after separation as possible 
in order to check the growth of bacteria. This can be accomplished 
easily by placing the cans, containing the milk or cream, in cold well 
water by which a temperature of at least 50 degrees F. should be 
obtained. 

Inasmuch as the offensive germs thrive chiefly in the curdy part 
of the cream, it follows that a thick cream, low in curd, will keep better 
than a thin cream. For the same reason, poorly worked butter, conttin- 
ing considerable buttermilk, will not keep as well as butter which is 
worked thoroughly. Consequently, it is best to separate as heavy a 
cream as the separator will handle and as is consistent with the time 
of year, say 35 per cent. in winter and 4o per cent. in summer. Be- 
sides obtaining a better grade of cream for butter making, the bulk 
is reduced, which simplifies the handling, and more skimmed milk is 
available for feeding purposes. 

In closing this chapter upon the production of, clean milk, its 
application to butter making must not be lost sight of. Stated briefly, 
it is simply this: high class butter can come only from clean cream 
and clean cream is possible only from clean milk. 


Tue Use oF COMMERCIAL STARTERS. 


The natural flavor of well made butter from fresh, clean cream is 
very pleasing to the taste of the average person and it is chiefly this 
desirable flavor for which the consumer pays. It is obvious, then, 
that the goal toward which the butter maker must strive is a desir- 
able flavor, accompanied by a pleasing aroma. To be sure, the text- 
ure can not be lost sight of, but when the layman buys a pound of 
butter, he judges it for flavor first of all, and inasmuch as his judg- 
ment will determine ultimately the demand for a certain brand of 
butter, it is important that his verdict be given the weight it deserves. 

As noted above, the bacteria which are present in the cream, 
and which in the end find their way into the butter, are responsible 
in a large measure for the flavor. On the one hand, if filth germs 
dominate in the cream, then the butter will have a strong, rancid 
flavor and odor from the beginning. On the other hand, if the 
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cream has been gathered under sanitary conditions, with cleanliness 
in mind, all things being equal, a good quality of butter is to be ex- 
pected. However, this last condition exists so rarely that it can be 
passed by with mere mention. 4 
Now if it were possible to introduce into the fresh cream im- 
mense numbers of desirable bacteria which would give it a good 
flavor, and which would impart to the butter that “grassy” or “nutty” 
taste so much sought for, we might be able to control the flavor, in 
a measure, in spite of the unsanitary condition of the cream. The 
Starter fills this demand. 


The Nature of a Starter. 


Hastings (1) has defined a starter as “A quantity of milk in 
which acid forming bacteria have grown until the milk contains large 
numbers of them. ‘The addition of the starter seeds the cream with 
great numbers of bacteria which are in a healthy condition and which, 
by their growth, cause the acid fermentation to progress rapidly and 
in a fhore definite manner than without the addition of the starter.” 
In other words, the starter is the active agent involved in ripening the 
cream. 

' Starters are of two kinds, commercial and natural, depending 
upon the method by which the bacteria are obtained. 


The Commercial Starter. 


Starters prepared by various commercial firms, where facilities 
are provided for careful bacteriological work, are known as commer- 
cial or pure culture starters. They usually contain but one species of 
germ and this one selected from many others for its peculiar butter 
making properties. To be a good starter, the culture must develop 
at ordinary temperatures, 68 degrees to 70 degrees F.; it must produce — 
acid rapidly and in quantity sufficient to allow of exhaustive churn- | 
ing; and it must be capable of producing substances which will impart 
to the butter the desired flavor and aroma. ‘The bacteriologist, who 
prepares these cultures, has all of these points in mind when select- 
ing a specific germ, and for this reason more uniform and satisfactory — 
results are to be obtained with the commercial starter than with the © 
home made or natural starter which is apt to contain germs, good, 
bad and indifferent. 

The cost of these commercial products is so small in comparison 
with the benefits to be derived that their more general use is to be 
recommended. ‘The initial cost of a starter is about fifty cents and 
by careful handling it can be propagated for an indefinite time. They 
are for sale under trade names such as Butter Culture, Flavorone, 


Lactic Ferment, etc., and can be procured directly from the manu- 
facturer or through any drug store. 


i 


(1) Hastings: 181, Wisconsin Exp. Station. 


\ 
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Propagation of the Starter. 


Commercial starters are put up by the different manufacturers 
in two forms, one a powder and the other a liquid. Inasmuch as ex- 
treme care has been exercised in their preparation to keep them free 
from contamination, it is important that they shall not be opened 
until ready to be used. This suggestion is offered since a person with 
the average curiosity would be tempted to open the bottle and taste 
or smell the contents, and in so doing expose it to dust and air con- 
tamination. 

The first step in the propagation of the starter is the preparation 
of what is known as the “mother starter.” One quart milk bottles 
are very convenient vessels for this part of the work. Some suitable 
cover or stopper must be provided for the bottles; Bushnell and 
Wright (1) recommended a cotton batting plug, while Hastings (2) 
uses an ordinary glass tumbler inverted over the mouth of the bottle. It 
is also necessary to have some instrument for transferring portions of 
the mother starter to other bottles in order to perpetuate the culture. 
For this purpose, Bushnell and Wright recommend a cotton swab 
attached to a piece of heavy copper wire; Hastings prefers a silver 
plated teaspoon with a piece of well tinned wire soldered to the han- 
dle to give length. 


Having procured a number of one quart milk bottles, they should 
be boiled thoroughly in water for thirty minutes and then allowed to 
drain in a clean place. Next, several of the bottles are two-thirds to 
three-fourths filled with fresh, clean, whole or skimmed milk, prefer- 
ably the former, the spoon or cotton swab inserted, and the bottle finally 
stoppered with a firm cotton plug covered with a glass tumbler. The 
bottles and contents are now sterilized in flowing steam for thirty to 
forty minutes on three consecutive days in order to kill the bacteria 
present in the milk. This sterilizing may be accomplished in a spe- 
cially constructed steamer or in an ordinary wash boiler provided 


with a false bottom or shelf on which to set the bottles. Such a de- 


vice is described fully by Bushnell and Wright (1). A common kitchen 
steamer will serve fairly well, provided it is high enough to admit 
the bottles and still permit the lid to fit down tight. Some authori- 
ties believe that better results are obtained when the milk is sterilized 
on one day only instead of three, their reason being that the pro- 
longed heating injures the milk for starter purposes since the lactic 


acid germ thrives best in milk which is heated less. ‘The only ad- 
vantage in heating the milk three days is that it is rendered absolutely 


sterile, while one day’s heating would not destroy the resistant spore 


forms of the bacteria which might be present, and which, if allowed 


to develop in the mother starter, would spoil it for that purpose. 


This would be true especially if several bottles of milk, were steril- 


(1) Bushnell and Wright: Bul. No. 246, Mich. Exp. Sta. 
(2) loc. cit. 


(1) loc. cit. 
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ized ahead. If the three day sterilization is employed, the bottles 
should be kept in a warm room between each sterilization to hasten 
the development of the spores into the vegetative forms, which are 
more easily killed by heat. If the one day sterilization is adopted, 
all the more care must be taken in selecting clean milk since the 
fewer the bacteria present, the more efficient will be the sterilization. 


Ada the entire contents of the bottle of culture obtained from 
the manufacturer to one of the bottles of sterile milk and shake it 
gently for about five minutes so as to distribute the culture uniformly 
through the milk. Allow it to develop at a temperature of 75 degrees 
to 85 degrees F. The milk will become soured and curdled into a 
solid mass in from 18 to 24 hours and in this condition is known 
as the “Mother Starter.” It is now ready for use in building up the 
starter proper, to be employed in ripening the cream. But before 
taking this step, a small portion of it should be transferred to a 
second bottle of sterile milk either with the teaspoon provided or 
by simply carrying over the cotton swab to the new bottle and al- 
lowing it to remain there for use the next day. In this. way a sec- 
ond mother starter is prepared for the following day. In making 
the transfers from one bottle to another,-the bottles should be left 
open to the air only long enough to make the transfer and then 
closed at once. If this precaution is not taken, there is great danger 
of contamination by air bacteria which would result, probably, in the 
starter going “‘off flavor.’”” New mother starters should be prepared 
in this way every day whether they are to be used or not, since the 
activity of the lactic acid bacteria decreases rather rapidly if this is 
not done. 


A good mother starter should appear smooth, glistening, firm 
and free from gas holes or free whey. It is always desirable to ex- — 
amine the ripened starter for flavor, odor, and acidity. This should be 
done by pouring a small quantity from the bottle into a clean cup, © 
rather than by dipping any utensil into it which might be the means | 
of introducing undesirable germs. The starter should have a clean 
taste, that is, it should be free from any disagreeable flavors; it should © 
have a pleasant odor and should be only slightly acid. 


y" 


Preparation of the Starter Proper. i 


The milk for this purpose should be selected for its purity and — 
must be pasteurized by heating it for thirty to forty-five minutes at 
a temperature of 150 degrees to 160 degrees F. Cool this milk to 75 
degrees to 85 degrees F. before adding the mother starter. 

To forty or fifty parts of pasteurized whole or skimmed milk, 
add one part of mother starter. Let this stand for 18 to 24 hourss 
at room temperature, 68 degrees to 70 degrees F., when it will be 
curdled; stir it thoroughly and it is ready to be added to the cream 
as a starter. The starter should be used at the time it contains the 
greatest number of active organisms. If too much acid is developed, 
the bacteria are killed, and to this fact is due the bad effects of over 5 
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ripening. The amount of acid which should be developed in a starter 
is from 0.6 to 0.7 per cent. for at this time it contains the largest 
number of active bacteria. Another way of judging is by the 
thickening of the milk which usually takes place at about 0.7 per cent. 
acid when the temperature is 65 degrees to 70 degrees F. 


Ripening the Cream. 


For every ten gallons of cream, use from one to two gallons 
of starter, or, in other words, from ten to twenty per cent. The 
exact amount can not be stated definitely, as much depends upon the 
age, acidity, temperature and thickness of the cream, of which the 
dairyman must be the judge. The cream should be sweet and as 
fresh as possible when the starter is added, and as much starter 
should be used as can be handled conveniently. In warm weather 
either ice or pasteurization must be resorted to to keep the cream 
sweet from one churning to the next, or else the churnings must be 
more frequent. ‘Too much must not be expected of a starter, for 
while it may improve the quality of butter made from old, stale 
cream that has soured, it gives the best results when used with fresh 
sweet cream. A temperature of 70 degrees F. should be maintained 
during the ripening which is completed when the cream has acquired 
an acidity of 0.5 to'0.6 per cent. Under favorable conditions, this 
will require from six to eight hours. During this time, the cream 
should be stirred frequently to insure uniform ripening. 

In regard to ripening, Rasmussen (1) says, “It should be consid- 
ered that too sour cream, as a rule, gives a butter with a strong flavor 
and with poor keeping qualties and, therefore, the danger of getting 
the cream too sour before churning is greater than not getting 
it sour enough.” In the absence of any chemical means for deter- 
mining the per cent. of acid present, the only alternative is experience 
in judging the ripeness by the taste, aroma and appearance. . As a 
general thing, “cream is ready to churn when it has a mild but dis- 
tinctly sour ‘taste, not too sharp or bitter, and has a glossy brittle 
appearance.” 


Pasteurized Cream. 


During recent years, the pasteurization of cream for butter mak- 
ing seems to be gaining favor in our best creameries. In fact this 
practice has become almost a necessity in those localities where cream 
of all kinds is gathered from various sources. ‘The butter maker has 
come to realize “that if he is to have control over his finished product, 
‘so that he shall have some assurance of the constant and uniform 
quality of the output, he must resort to means by which he can elimin- 
ate the variable factors in his cream, namely, those undesirable bac- 
teria and disagreeable flavors which will develop later on and make 
their presence ‘manifest in the finished article. By heating the cream 


@) Bul. 141, New Hampshire Exp. Sta., 1900. 
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from 170 degrees to 180 degrees F. and cooling it at once nearly all 
of the bacteria are destroyed and many of the objectionable odors 
are driven off. If a starter is added to pasteurized cream, the lactic 
acid germs are given a comparatively free field in which to work and 
exert their beneficial influence. “This (1) method of ripening has a 
number of advantages over the use of unheated cream. It gives the 
maker full control over the ripening for by the process of pasteuri- 
zation most of the bacteria are destroyed, then by the use of the pure 
culture, the same type of ripening, is assured and a uniform product 
results, a product that is uniform from month to month.” 


Kinds of Commercial Starters. 


As stated before, commercial starters are put on the market in 
two forms, liquid and dry. The liquid cultures are usually prepared 
by inoculating a bottle of sterilized milk with the lactic acid germ, and 
when received by the purchaser, it has the appearance of sour milk 
which is exactly what it is, differing, however, from ordinary sour 
milk or natural starter, in that the curdling in this case has been pro- 
duced by a pure culture. The liquid cultures are not as long lived 
as the dry forms and deteriorate more rapidly because of the harmful 
action of the lactic acid present upon the lactic germs. 

The dry starters which are sold in the form of a powder are 
made by mixing a large quantity of starch, milk sugar or powdered 
milk with sterilized milk, soured by the lactic culture and the mixture 
subsequently dried at a low temperature. In this condition, the germs 
can not grow, but lie dormant, the organism being able to withstand 
dessication for a considerable period of time. In this state, no lactic 
acid can be produced, and its injurious effect is eliminated. For this. 
reason the dry starters will keep much longer than the liquid ones. ~ 

Most dairy supply houses carry these starters in stock, but start-_ 
ers, like eggs, are better the fresher they are, and for this reason it — 
is usually safer to send directly to the manufacturer, than to depend — 
upon the old stock in the supply house. 3 

A list of some of the manufacturers of commercial starters is — 
given below: 


5 


Eloy Ericsson, Parke, Davis & Co., 
60-62 E. Fifth St., Detroit, ; 

St. Paul, Minn. Michigan. Hi 

Chr. Hansen’s Laboratory, O. Douglas Butter Culture, on 
Little Falls, 68 Northampton St., | 
New York. Boston, Mass. j 


(1) Flavoroue: Parke, Davis & Co., Detroit, Mich. 
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ARSENICAL POISONING OF FRUIT TREES 


In Bulletin 131 of this Station, issued in July 1908, were recorded 
the results of our studies to determine the cause of the death of many 
of our apple and pear trees. Professors Paddock and Whipple had 
addressed themselves to this subject for some years, and were unable 
to satisfy themselves that any of the well known causes usually pro- 
ducing the death of trees could be appealed to as the actual agents in 
these cases. Mr. Whipple, now professor of horticulture in the 
Montana Agricultural College, had sought for fungus and bacterial 
troubles in vain. The results of our observations forced us to the 
conclusion that the cause was not to be sought in the soil per se for to 
quote Prof. Whipple’s words, “Soil conditions seem to have no rela- 
tion to the disease, as it is found on all kinds of soils.”’ 

While I recognize the fact that it is necessary to control the in- 
sects injurious to our crops, I have entertained grave misgivings in 
regard to the ultimate effects of spraying arsenic on our trees and soils 
and when the other members of this Station, men thoroughly compe- 
tent to determine the facts, found none of the causes usually producing 
disease in trees present in these cases, I became more deeply impressed 
with the probability that the trouble was primarily due to the action 
of the arsenic applied to the trees as a spray. I gave in Bulle- 
tin 131 a definite experience with a case in which it was charged 
that arsenic, lead and copper had been the cause of the death of trees, 
grass and even of animals eating the grass, and I am fully convinced that 


AN EXPLANATION, 


In Bulletin 131, Arsenical Poisoning of Fruit Trees, I did not give the 
location of any orchard or the name of a single owner, nor have I given 
either in the following pages. My reasons for this are the following: 
I think that it would be a gross injustice to the owner of an orchard to 
publish a statement of his misfortunes or unwise practices throughout the 
stiate and nation by means of an Experiment Station bulletin. If the 
statements made are all true, it only makes matters worse rather than 
ameliorates them. Unscrupulous neighbors might take advantage of 
such statements to do the party named injury. I have been treated 
kindly by the orchardists in connection with this work, however, I under- 
stand that I have been the innocent cause of injury. The fact that | 
was interested in the study of an orchard problem, not arsenical poison- 
ing, was made the basis of dishonorable representations which did the 
owner a serious financial wrong. It would, in my estimation, be wholly 
unpardonable to name the properties of men who have given me aid 
in this investigation when I know that it would be doing them an injury 
and requiting kindness by inconsiderateness and ingratitude. T have 
not, in any way, concealed or distorted a feature of the problem,, but 
I have purposely used examples from different sections and different 
orchards in order that I might present the whole case—but by no means 
all of the different facts—without doing anyone an injury. If I have 


succeeded I shall be pleased, if I have failed I can only regret it. 
Wales 184 8h 
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there is great danger of our adding arsenic enough in the form of 
materials used for spraying to jeopardize not only the life of the trees 
but bring about: other conditions of a most serious character. 

I have heretofore been very careful not to condemn the practice of 
spraying, but simply to call attention to the dangers accompanying the 
practice and particularly the excessive, even irrational, application of 
these poisonous preparations to the trees and eventually to the soil. If 
the soils themselves already contain arsenic enough to pass into the 
plant system it makes the application of more arsenic only the more ill- 
advised. 

Up to the present time we do not know of any other practical 
and effective means of protecting our fruit against the codling moth 
than some form of arsenic, and so far as we now see we must continue 
to use this means. This, however, does not mean that we cannot im- 
prove the practice in several ways. It has been demonstrated that 
a much smaller amount of arsenic may be used than has heretofore 
been customary, with most excellent results. Prof. Gillette showed 
several years ago, that 95 per cent. of the protection given to a crop 
when three or four sprayings were made was effected by the first 
spraying. His investigations have shown that a single spraying, 
thoroughly well done, will produce clean apples unless there 
is some local source, an adjoining unsprayed orchard, from which moths 
may migrate and infest the orchard anew. There is another way of 
improving our practice, namely, by using a form of arsenic more insolu- 
ble in water than the forms now used and which will change but slowly 
into a soluble form in the soil. We have considerable reason for hop- 
ing that the sulfid of arsenic may be used with benefit in this direction. 
A still greater improvement would be to obtain some substance which 
would furnish our fruit the desired protection, but which would be 
entirely free from the serious objections which apply to the use 
of any arsenical preparation. This is not an impossibility, as indicat- 
ed by the report of experiments with nicotine made by Prof. Gillette to 
the American Association of Economic Entomologists, at its recent 
meeting in Boston. 

The assumption that the arsenical preparations used for spraying 
are insoluble in water is not justified, and: yet this is a condition which 
they must fulfill in order that thay may be safely used. Further condi- 
tions may, and in some cases certainly do, exist in the soil which makes 
them more soluble than they are in pure water. I have met with many 
men to whom it was a matter of some surprise that the arsenic might 
accumulate in the soil, though they knew that they were spraying a 
number of times annually and that the amount of soluble arsenic in the 
soil might increase with the years. 

Bulletin 131 states that this line of work was a direct outgrowth 
of my attempt to study the alkalis of the state. It was then thought that 
it was rather more than probable that the abundance of these salts in 
some of our soils had produced an exaggerated effect of the arsenic — 
on our trees. There may be some truth in this view but I am now of 
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the opinion that the effect of the alkali has been nothing more than to 
increase the action of the arsenic and has not been the cause of it. I 
am led to modify my views in regard to the importance of the part 
played by the alkalis because I have found cases of corrosion by arsenic 
under conditions which preclude their action. This in no way contra- 
dicts any facts established in regard to the adequacy of sodic chlorid 
or carbonate to bring arsenic in solution when present in the form of 
lead arsenate, calcic arsenite or as Paris green, but simply adds the 
fact that trees may be attacked in soils practically free from these salts, 
indicated collectively by the term alkalis. 


The result of my study of this subject during the past year has 
strengthened my conviction that the conclusions presented in Bulletin 
131 were not only fully justified by the facts presented, but were very 
conservative and I do not see any reason to modify any statement by 
making it less general or in any way milder. I have, furthermore, 
learned of no fact indicating any reason for altering the previous find- 
ings of Professors Paddock and Whipple. ‘These gentlemen did their 
work thoroughly and with that conservatism demanded of the really 
scientific worker. In the following pages we shall present some new facts 
but they will in the main be a re-presentation of the main points set 
forth in Bulletin 137 

In the bulletin just referred to three phases of the question were 
set forth: First, the corrosive action of arsenic which had already col- 
lected about the crown of the tree, and designated as local irritant 
poisoning; Second, the action of the arsenic which had been taken 
into the system of the tree and designated as systemic poisoning ; 
Third, the action of lime, showing that it probably exercised a toxic 
action either alone or in conjunction with the arsenic. The possible 
action of both conner and lead is freelv admitted, but that of the arsenic 
is candidly considered as clearly the most important one and these two 
are scarcely more than mentioned for the purpose of admitting the 
pos "bility of their exercising some influence. 

The most striking effects unon the trees are produced by the cor- 
rosive action of the arsenic on the crown and roots, and this form of 
the trouble is the one which forces itself mostly upon the average 
man. 


Description of the Trees. 


The effect of the arsenic does net express itself in the appearance 
of the tree till its action has gone so far that the death of the tree is 
very near. The first general signs of trouble are an early rinening of 
the foliage the first year followed by heavy blooming and usually an 
abundant setting of fruit the second. This fruit is seldom matured as 
the tree usually dies in late summer or early fall, the fruit and leaves 
remaining on the tree. In the case of pear trees, the foliage is mostly 
of a deep purple on the badly affected trees while that of healthier trees 
is still green. An examination of such trees reveals the following con- 
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ditions, the bark of the crown has been completely disintegrated and 
almost always that of the roots next to the crown. Its structure has 
been wholly destroyed and the woody tissue beneath has been stained 
brown. In bad cases its structure too has been destroyed so that under 
the rasp it often acts as though thoroughly charred, outwardly it is 
often blackened. The bark of such trees is usually a reddish yellow 
frequently showing longitudinal cracks. The woody tissie of the lower 
portion of the trunk is stained brown though the tree may. still be alive. 
This is shown in Plate 3, Fig. 3, p. 14, Bulletin-131, which is a portion 
of the lower part of the trunk of a Ben Davis tree dug up when in full 
bloom. The bark on this portion of the tree was intact and the staining 
was not due to dead wood exposed to the air. 


The Yellowish-Red Bark Not Diagnostic. 


The yellowish-red color of the bark of the limbs and twigs of such 
trees is probably the result of malnutrition rather than of the direct 
action of the arsenic and while this color is very commonly present in 
cases of this trouble, I cannot consider it as a diagnostic feature. 


The Point of Attack in Cases of Irritant Poisoning. 


The attack on the bark is evidently made from the outside because 
we find patches on some of these trees where the girdling is not yet 
complete and while the outer portions of the bark may be disintegrat- 
ed the inner portion may be apparently entirely healthy. There are no 
signs in such cases that the bark has ever been raised or loosened from 
the underlying tissties. These facts necessitated the examination of trees — 
in which the trouble had not advanced to this stage. Samples were ~ 
easily found showing all stages of the progress from the inciptent at-_ 
tack in which the disintegrated bark formed only a very thin layer on 
the outside to tnose in which it had finally perforated the bark and 
attacked the underlying wood. In some orchards we find some degree 
of this girdling on almost every tree. I have in mind at this writing 
a pear orchard. containing possibly 300 trees. in which I failed to find — 
a single tree which did not show this corrosive action of arsenic in a _ 
aera degree and in many cases the bark had already been per- ~ 
orated. q 


=— 


ro 


The Roots. 


The above remarks apply to the roots especially at their juncture — 
with the trunk; sometimes we find the whole of this portion of the ~ 
root involved, again only the upper portion, if the attack has not ap-— 
proached very near to the final stages. On the roots we often find a ~ 
very sharply defined limit to the trouble just as we u-ually do as we © 
approach the surface of the ground. ‘The distal portion of the roots 
are as a rule in better or even good condition. This point was well il- 
lustrated by the case of a pear tree root which I dug out. The root — 
was entirely dead near the trunk, but was apparently healthy a few © 
feet away and had thrown up sprouts. 4 
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The Trunk of the Tree. 


The trunk frequently shows no effect of the trouble above the 
ground, especially is this true of the pear trees. Apple trees some- 
times show, in such cases, chocolate brown spots on the trunk 
of the tree. On removing the bark, its inner side beneath these spots, 
as well as the underlying tissues, present a mottled appearance, ‘The 
cambium layer is, in these cases, not darkened or discolored except 
in these spots; the bark is not loosened or at this time dead but it soon 
dries down to the wood. ‘These areas often have an offensive odor, 


The Varieties Affected. 


The varieties of applesand pearsinwhich we have found this trou- 
ble are so numerous that it is scarcely feasible to name them. Some 
varieties appear to be more sensitive in some localities while some other 
varieties are more generally affected in other localities. Mr. Whipple 
noted the fact that the Ben Davis and Gano are very sensitive to arsen- 
ical sprays. It is apparently a fact that in some localities these two 
varieties are more generally affected by this trouble than any others, in 
other localities this is not at all true. ‘This statement can of course 
be made of the other varieties. 


The Influence of the Age of the Tree. 


Orchards which had attained a considerable age before any arsen- 
ical sprays were applied to them do not seem to show the effects of the 
arsenic to the same extent as those orchards in which the trees were 
younger when the first applications were made. I recall an orchard 

visited in company with Prof. Gillette, in which there were trees 
of very different ages, the most of the trees being of the first setting, 
‘now between 25 and 30 years old, but a few of them were much 
lyounger. We found none of the old trees which seemed to be in 
danger from this trouble, while several of the young trees were about 
to succumb to it. This by no means proves that old trees are wholly 
exempt, for I know of trees 30 years old or older that have been killed 
‘by this trouble. In one orchard a part of which is 25 to 27 years old, 
‘the rest about 14 years old, the older portion contains only a few 
affected trees, while there is quite a number of such in the younger 
orchard. 


The Influence of the Soil. 


We will make some general statements at this time, which while 
‘entirely adequate for our present purpose are not intended to cover 
‘Specific features of the problem. Mr. Whipple's statement “Soil con- 
‘ditions seem to have no relation to the disease, as it is found on all 
inde of soil,” seems to be wholly justified. I have found it literally 
“on all kinds of soil.” While the character of soil may modify the 
trouble, it does not determine it. I have found orchards set in most 
excellent loamy soil, well drained, irrigated with pure water, in- 
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telligently cultivated, and well located in respect to protection against 
severe weather and yet this trouble was exceedingly prevalent, while in 
other orchards on less desirable, even on bad soil, this trouble, though 
present, was by no means so prevalent. In other cases the problems 
presented were so involved that no student of this subject would under- 
take to unravel them. I am fully convinced that the soil itself does 
not produce the trouble under discussion. 


Do Salts Other Than Arsenic Produce It? 


The answer is a negative one. We have very marked cases of 
trees having been killed by the presence of excessive amounts of ni- 
trates formed in the soils. I described some of these at the meeting 
of the Society for the Promotion of Agricultural Science in Portland, 
Oregon in August, .1909,. The action of the nitrates is wholly differ- 
ent from that of the arsenic, neither the crown nor the roots are cor- 
roded but the foliage and the tree are killed outright, sometimes with- 
in a few days. The attack expresses itself wholly differently, it is not 
gradual, but as above stated sudden, there is no ripening of the foilage 
but a strong burning and killing. The bark of the crown and the large 
roots at the time of the attack is perfecly normal in appearance in 
cases not complicated by pre-existing troubles. 

I have found no conditions under which any trouble can properly 
be attributed to the presence of any excess of sodic chlorid. I have 
endeavored to determine the effect of sodic chlorid by direct experi- 
ment. It is beyond question that salt, in excessive quantities, is injuri- 
ous to apple trees, but excessive quantities, according to our results, 
would mean very many times as much salt as we find in any of our 
soils. Its action was very moderate and expressed its only visible ef- 
fect upon the leaves much in the same manner as the nitrate. I 


There is ng carbonate of soda, worthy of mention, in our soils, 

so the action of this salt is eliminated from the question. 4 
There is in some cases a rather large amount of sulfates (sodic, 
calcic, and magnesic) present but the action of these is not corrosive, 
Their action is so mild that seedling plants grew in soils to which I 
had added as much as two per cent. of the weight of dry soil of sodic 
sulfate and even the little seedlings were not corroded or injurious! i 
affected. I have made a similar experiment with magnesic sulfate. 
These experiments were made years ago when the opinion prevailed 
that the alkalis were prejudicial to our lands. ‘These experiments are 
in keeping with the fact of common observation in many parts of the 
state, i. e., the production of good crops on lands so rich in alkalis that 
a heavy incrustation covers them under conditions favorable to its for 
mation. I know of very healthy orchards on land rich in these salts: 


Is the Trouble Produced by Excess of Water? 


This question is likewise to be answered in the negative. ‘ Je 
know that we can destroy even pear trees by keeping their roots sub- 
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merged in water but this is a condition nowhere obtaining among all 
the cases studied. The prevalence of this trouble in orchards on high, 
well drained lands is a sufficient answer to this. 


The Area Involved. 


In Bulletin 131 I stated that the principal orchard growing sec- 
tions of this state were probably involved. It is now certain that the 
extent is wider than the boundaries of this state. ‘There is no dispo- 
sition on my part to seek consolation in the fact that I believe 
many sections of the country to be suffering, in a less degree I hope, 
from the same ills. 


The Number of Trees Affected. 


Under this caption in Bulletin 131 I stated that it would be diffi- 
cult to obtain data on which to base even a rough estimate of the num- 
ber of trees suffering from this trouble. I have visited many orchards 
since I wrote the above statement and am now convinced that it is 
difficult to find a fifteen-year old orchard in the state wholly free from 
this difficulty. There are probably a few but not many. I know of an 
orchard, the owner of which said to me: “I must have a thousand 
sick trees.” I think that this was an overestimate, but it serves to con- 
vey a definite idea of how very prevalent the trouble is in some or- 
chards. I have seen a pear orchard in worse condition even than this 
apple orchard. Both of these orchards, though many miles apart and 
on very different land, are within this state. I have not visited the 
apple growing sections of the southwestern portion of the state and 
so do not know the condition of affairs there but in the rest of the 
state no section is entirely free from this trouble. It is found in Lar- 
imer County as well as in Otero, Fremont, Delta and Mesa counties, 
and this represents a distance of nearly 350 miles from east to west 
and 200 miles from north to south. I am convinced that the number 
of trees already seriously affected by this trouble are not numbered 
by hundreds, but rather by tens of thousands. 


This may not be an inappropriate place to state again, as I stated 
in Bulletin 131, that publication on this matter was not the result of 
any sudden impulse, nor of any desire to obtain a certain notoriety by 
creating suspicion and alarm in the minds of any class of orchardists, 
much less to protest against the general practice of spraying, but the 
publication was. made simply because I was fully convinced of the 
sufficiency of the proofs that great injury had already resulted from 
the practice, particularly from the irrationally ultra manner in which 
the practice has been carried on, and that it was perfectly proper and 
right that the truth should be made known. The facts were presented 
conservatively. My colleagues agreed that it was wise to publish the 
results as simple facts. This is what I did and this is the only purpose 
that I have in view in the present bulletin. 


ky 
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Present Conditions in Regard to the Presence of Arsemic m the Soil. 


Several questions relative to this subject may be raised such as 
the presence of arsenic in soils in general. Toxicologists have an- 
swered this in the affirmative, but the evidence of all is that it is pres- 
ent in minute traces. This is not true of our Colorado virgin soils, 
for they contain more than mere traces, which question will be dis- 
cussed in a subsequent paragraph. The bearing of this fact on the 
question in hand is slight. The arsenic contained in the virgin soils 
examined, taken approximately to the depth of one foot, is just about 
one-tenth of the average found in the orchard soils, excluding extremely 
high ones. The maximum amount found in a virgin soil taken to a 
depth of one foot is almost exactly one-twenty-eighth of the maximum 
found in an orchard soil taken to the same depth. The orchardist is 
not concerned with the source of the arsenic but with its effect upon 
the trees. If there is already a little arsenic in some of our soils, 
enough to be taken up by the trees to such an extent that its presence 
may be shown, it does not argue that we do no damage by increasing 
this amount from 10 to 28 times. 

Another suggestion is that the water used for irrigating purposes 
may contain arsenic. It is a fact that some spring waters contain 
minute traces of arsenic, so small, however, that its presence may best 
be established by examining the deposits from such springs. It is, 
however, not true of our river waters, so far as my knowledge goes, 
and if it were true, the quantity usually carried by spring waters, not 
river water, is so small as to be utterly insignificant in comparison 
with the quantities which we have been pouring upon our lands. 

We have been using arsenical sprays in the various parts of our 
country for various purposes about 40 years. We, have been spraying 
our apple orchards about 28 years and in Colorado we have been spray- 
ing 18 or 20 years. The question is what has been the effect of this 
in regard to the amount of arsenic in the soil? The answer is given 
above, i. e., that, even in Colorado, we have increased the arsenic con- 
tent of our orchard soils at least ten fold and in the older states it must 
be even worse if they have been nearly as zealous in spraying as we 
have been. But few people consider the real character of the sprays 
used and we cannot expect the ordinary orchardist to consider the pos- 
sible results and there has been an abuse of the practice. "The prac- 
tice in this sense has been a dangerous one. I do not know that any 
station has ever advised six, eight or even nine sprayings in a season. 
Three is the maximum recommended by this station, and yet I know 
of men who have sprayed nine times in one season according to their 
own statements; four, five and six sprayings are still applied by some. 
The amount of arsenic used has also been unreasonable in many in- 
stances. I have in mind a man who, having been directed to use one 
pound of arsenious acid to the tank added one and a quarter pounds, 
and applied 90 gallons or a little over 0.56 pound of white arsenic 
to each tree during the season. I know another man who used al 
most exactly the same quantity of spray, 90 gallons to the tree, using 
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16 pounds of lead arsenate to the tank. This man claimed that this 
was his custom. Assuming this statement to be literally true, let us 
see how much arsenic acid he had applied to this orchard per acre in 
the six years preceding. As stated, he used 16 pounds of arsenate of 
lea to the tank and applied 90 gallons to each tree during the season. 
Assuming that the pasty arsenate of lead was one-half water it would 
give us eight pounds of dry arsenate of lead to the tank,o.o4 pound 
in each gallon of spray and as he used 90 gallons to each tree he 
appiied 3.60 pounds of dry lead arsenate, or if the dry lead arsenate 
contained 25% of arsenic acid, he added 0.9 of a pound of this acid 
to each tree or 72.0 pounds per acre each year counting 80 trees per 
acre. In six years he would add 432 pounds arsenic acid to each 
acre of his orchard, which if evenly distributed through the first foot 
of soil would give 108 parts per million. This calculation is much 
nearer to the facts in the case than such calculations are apt to be, 
for I found 61.33 and 128.83 parts arsenic acid per million in .the 
upper portions of this soil. ‘The other man who used 1.25 pounds 
white arsenic to the tank, said to me “‘you don’t realize how heavily 
I have sprayed. This ground was all white with it.” I do realize 
that he sprayed heavily, but he does not. He was adding arsenic 
acid to his soil at the rate of 51.84 pounds per acre per annum or 
taking it for a period of six years. as in the preceding case, he added 
310 pounds per acre, or 77.5 patts per million of soil. The latter of 
these men used 26 times and the former 36 times as much arsenic 
as we now know would have sufficed to have assured them a crop 
with not more than 5 per cent. wormy apples. These men have lost 
a number of trees from this cause. 


The Amount of Arsenic Now Present in Our Soils. 


Determinations of arsenic in our orchard soils have indicated the 
‘following range; 25.5, 26.0, 30.6, 36.8, 38.2, 39.9, 61.3, 128.83, ana 
137.99 parts arsenic acid per million. The samples were taken, some 
from about the base of the tree and others out under the heads of 
the trees and to depths varying from four inches to one foot. The 
soils here represented are without exception desirable ones, they are 
free from seepage and alkali, and are well supplied with water. 
‘These orchards receive good care, still there is more or less of the 
trouble described as arsenical poisoning in each of them and some of 
them are very badly affected. 


That the arsenic should accumulate in the soils is what we would 
expect. The materials used as sprays are not very soluble in water. 
The amount of water applied to our soils is not excessive, irrigation 
waters and rainfall together amounting to not more than 24 inches. 
The materials are not volatile and the evolution of arseniureted Y= 
drogen from the soil has not yet been proven, though a slight elimina- 
tion of the arsenic in this form, especially under favorable condi- 
tions, might take place. The fact, however, is exactly what we would 
¢ 
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anticipate, i. e., that the soils of orchards which have been sprayed for 
some years are already rich in arsenic. 


Some of This Arsenic is Soluble in Water. 


In the application of the sprays it was soon found that the ar- 
senic must be insoluble or it would burn the foliage of the trees and 
in order to avoid this an endeavor was made to obtain a compound 
so insoluble that this effect would be avoided. To this end lime was 
added to the Paris green, and the lime, sal soda and arsenic prepara- 
tion recommended. I do not know whether any consideration of the 
final effect of, the arsenic on the tree was considered or not. The 
insolubility of the spray material is the only protection that our trees 
have had. ‘The term insolubility as here used means nothing more 
than difficultly soluble and that in a somewhat popular conception of 
the,term. The spray materials used are somewhat soluble in pure 
water and much more readily so in solutions of sulfate and chlorid 
of soda. ‘The Kedzie formula was supposed to remove the whole of the 
arsenic from the solution because of great excess of caustic lime, 
but this is readily changed into a neutral salt, the carbonate, when its 
protective action is practically destroyed, besides there remains a 
considerable amount of arsenic in solution owing to the solubility of 
the lime salt. Paris green to which the proper amount of lime 
has been added yields arsenic rapidly to water, and arsenate of lead, 
Pbi(AsO,)», will yield 0.3% of its dry weight of arsenic acid. Soil, 
therefore, which contains these spray materials ought to yield arsenic 
io pure water and it does. I at first assumed that the presence of so 
much carbonate of lime, as is present in our soils, would wholly pre- 
vent any arsenic from going into solution, but this is not the case. 
Another agent which I thought would also tend to prevent the solution — 
of arsenic is the iron which is fairly abundant in our soils, especially 
our red soils. A very large number of our soils are marly, namely, - 
contain more than 5% of calcic carbonate, but neither the lime 
nor the iron nor both together prevent the solution of arsenic in our 
soils. This is an easily established fact. Sixteen samples of orchard 
soils from various parts of the state have been tested and found to- 
carry very decided quantities of arsenic which is soluble in water. 
I have weighed the arsenic in a few instances and obtained the follow- 
ing figures: 0.68, 0.68, 0.84, 1.04, 1.166, 1.265, and 1.345 parts of 
arsenic acid per million of soil. These quantities corroborated by 
those obtained with nine other samples are conclusive in regard 
to the presence of water soluble arsenic in the soil in very decided 
quantities and that, too, in quantities which competent experimenters | 
have found to be injurious to vegetation when present in nutrient solu- 
tions. 


‘ 


When I wrote Bulletin 131 I feared that the presence of water 
soluble arsenic in our soils might be largely due to the presence of 
sodic sulfate and sodic chlorid. ‘That these salts are present in our soils 
in larger quantities than in eastern soils is a well known fact. It has 
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been shown by experiment that lead arsenate, even the tri-plumbic salt, 
yields arsenic quite freely to dilute solutions of these salts and that 
calcic arsenite (lime, sal soda and arsenic) acts in a similar manner. 
It has also been previously stated that the arsenical compounds usual- 
ly used for spraying are perceptibly soluble in distilled water. ‘The 
statements made regarding this matter in Bulletin 131 are perfectly 
correct and I do not wish to change them except to lay less stress on 
the action of the alkalis, for soils entirely free from alkalicontain water- 
soluble arsenic in weighable quantities. The solubility of the arsenic 
in the soil is undoubtedly favored by the presence of alkalis, but 
is not primarily caused by them. 


For some years past, since about 1904, we have been losing a num- 
ber of pear and apple trees by an affection which men, competent to de- 
termine the facts, have been unable to establish as due to any other 
cause than the corroding effects of arsenic. Among the causes con- 
sidered were bacteria, fungi, King disease, winter killing, alkali, etc. 
The trouble is independent of the varieties of soil, it expresses itself 
uniformly in the same manner, attacks the trees at the same point, 
runs a very uniform course in regard to both manner and duration 
and is almost uniformly fatal. Here attention should be called to the 
fact that it has been only the badly affected trees that have been observ- 
ed until very recently. 


In regard to the soil we have shown the extent to which 
arsenic has accumulated in the soil due to the practice of spraying. 
Further we have shown that this arsenic in the soil is soluble in 
water to an extent that exceeds the limit of safety, and that the large 
quantities of lime and iron salts in our soils do not effectively pre- 
vent the solution of the arsenic by pure water. We have shown 
that the alkalis in our soils may favor, but are not needed, to cause the 
solution of this arsenic. We have also shown that our virgin soils, 

_a goodly number of them too contain arsenic and will show in the 
proper place that this arsenic is slightly soluble in water in six out 
of seven cases. 

The amount of.arsenic present in our virgin soils, however, is 
less than one-tenth of that found in our orchard soils, and while 
it may play a part in some phases of this subject, tt does not in any 

manner enter into the question of corrosive arsenical poisoning be- 
“cause it is associated with the marl and for the most part lies beneath 
the feeding area of the tree and is not collected about the crown of 
the tree. 
¥ The phase of arsenical poisoning under immediate consideration 
begins by attacking the outside of the bark at the crown of the tree 
‘converting it into a black, friable mass, finally eating its way through 
the bark, attacking the woody tissues and producing the death of the 
tree, either by starvation or otherwise, a question which the future 
may solve. he important fact is that the trees of which we are writ- 
ing, and there are many thousands of them, are either doomed to 
die within the next two years or are already dead. ‘That portion of 
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the roots joining onto the base of the trunk is almost invariably 
involved. The attack may, in a few instances, begin on the roots 
but the number of these instances is small. 


The Effect of Arsenic on Trees. 


I have a record of about twenty trees, the greater portion of 
which I have seen myself, that have been injured or killed by arsenic, 
either in the form of arsenious acid, sodic arsenite, calcic arsenite or 
lead arsenate. 

In Bulletin 131, page 19, I referred to experiments of others 
made to establi>h the effect of arsenic upon vegetation and gave the 
results of a few experiments made with greenhouse plants and cited 
the cases of two trees which I had met with, one of them presenting 
with great clearness the action of arsenic, particularly in the form of 
arsenious acid, upon the bark and woody tissues of the tree. I 
then stated that I gave the case in considerable detail because I be- 
lieved it to present as conclusive an illustration of the action of 
arsenic upon trees as could possibly be adduced. I have since then 
seen several trees injured by the same cause, sodic arsenite, and 
while they each present an essential reproduction of that case, none 
of them have been any more marked or presented any feature more 
forcibly than it. I shall therefore use it again to show that soluble 
arsenical compounds when present in sufficient quantities will 
kill trees, secondly to show in some detail what the action of arsenic 
is on the tissues of the tree, particularly upon the bark and the woody tis- 
sues. The condition of this tree in the following April is shown 
in Plate I, taken from Bulletin 131. 


The arsenic used in this accidental experiment was sodic arsenite 
emptied into an irrigation ditch, twelve feet distant from the tree. This 
was done in the month of June when the tree was in active growth. 
Two days later a portion of the tree was sick or dead, the person 
describing it said dead. I was not present that day. The limb 
never showed any signs of life afterward, the killing was thorough. 
Mr: Whipple and I subsequently dug out the poisoned root of this 
tree tracing it from the trunk to the point in the irrigating ditch 
where the arsenic had been emptied into it. The other roots of this tree 
which we encountered were apparently normal. Even those branches 
of this root which ran parallel to the ditch and whose feeding area 
had not received any of the arsenic also appeared normal. The root- 
lets within whose feeding area the arsenic had come were dead, being 
black and brittle. We could see the cource of the arsenical solution 
from the rootlets to the tip of the twigs as the root lay in the trench 
which we had dug to expose it. The lateral branches of the root 
and the two side sections were normal in appearance, the top section 
and also the bottom section had been very strongly attacked. The 
bark of the root on the two sections attacked was thoroughly dis- 
integrated and two irregular sections of the woody tissue of the root 
were killed and stained brown, shown in Plate II, Fig. I. The total 
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disintegration of the bark on the root shown very distinctly in Plate II, 
Fig. 4, was continuous to the base of the tree. Here the bark became 
brown and sunken. This particular form of the injury extended some 
distance up onto the limb. Beneath this bark the wood was stained 
brown. The sunken part and stained wood is shown in Plate II, Fig. 
2. The interior portion of the remoter branches of this limb was 
stained brown. ‘This is shown on Plate II, Fig. 1-A, in longitudinal 
section, in Fig. 2 in transverse section. The other portions of this 
tree were pertectly normal, the bark was healthy, the woody tissues of 
both roots and branches showed no staining or “black hearted” con- 
dition. The healthy condition of the other roots and branches of this 
tree is also shown on Plate II by Figs. 1-B and 3. The so called 
black heart is in some cases caused by freezing but this case cannot be 
explained in this way, for we know its cause and can trace its course 
and action and the injury was done in the month of June. No one 
will, I think, suggest that these changes were subsequent to and a re- 
sult of death and not of the action of the arsenic for all parts of the tree 
nourished by roots feeding outside of the poisoned area, even sections 
of this one root, remained apparently healthy and those portions of this 
tree which I have not cut off are still healthy. 


I indicated clearly in Bulletin 131 that I was aware of the fact 
that this case, and all the cases do the same, raises questions regarding 
the course of nutrient solutions in the tree. I dismissed this whole 
subject with the following statements: ‘The course was direct and 
the flow of the poisonous solutions was confined to a comparatively 
narrow channel. * * * Jam not concerned about any theory of sao 
circulation, but am simply tracing the discoloring effect of the arsenic 
through the roots into this portion of the branches.” 


I have personal knowledge of four other trees injured by the same 
agent, sodic arsenite, in a similar manner. The facts in these cases 
are even more interesting than in the preceding. 


There had been fillers planted betwen the rows of apple trees. 
These fillers, plum trees, had been cut down, the owner poured 
one half teacupful of the sodic arsenite «olution on each of the four 
stumps to kill them and at the same time get rid of the arsenical 
solution. No effect was produced for the next two or three days, 
at the expiration of which time the orchard was irrigated. The state- 
ment of the owner and his wife is, that within fifteen minutes after 
the irrigation water reached these stumps the leaves on one side of the 
largest of the four trees involved drooped and never recovered. The 
owner surmising the cause of the trouble dug a trench and cut off 
the roots of the tree on that side. The odor of the sap exuding from 
the wounds made on the limbs by the arsenic was very offensive. 

The fourth tree in this group presented an interesting case. Two 
limbs on one side of the tree were injured, portions of them were killed. 
There was a narrow strip running from the ground up into a big 
limb of this tree and then divided, following two smaller limbs, break- 
ing out to the surface in an apparently erratic way. The limbs were 
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killed. Not being fully satisfied about the facts connected with this 
tree, I determined to examine its roots. I found two roots affected, 
one was still partly alive, the other was entirely dead. Neither of 
these roots was very large, a scant inch in diameter, but we traced the 
wholly dead one for twelve feet then we trenched across its course at 
several points and thus traced its dead rootlets to the stump on which 
the arsenic had been poured, 22 feet from the trunk of the tree. These 
roots presented externally the same appearances as the root previously 
described and is well represented by Plate III, reproduced from Bul- 
letin 131. The other roots of this tree which we encountered were 
apparently normal, 1 examined several samples of wood from the 
first tree and found arsenic abundantly present and determined the 
quantity of arsenic present in the woody tissue of the root. The amount 
of arsenic present in the woody portion of the root of the 
first tree after the bark had been pared off corresponded to 34.5 parts 
of arsenic acid per million parts of tissue. The arsenic in the 
root of the second tree described corresponded to 24.02 parts of arsenic 
acid per million parts of tissue. The disintegration of the root was 
certainly remarkable. 


PLATE III. 


I have information of several other instances in which similar re- 
sults have been produced. According to the statements of the owners 
it seems probable that the arsenite of lime might have done the damage 
to their trees. 

Mr. A. B. Hoyt, Horticultural Inspector of Mesa County, informs 
me that he has seen a cottonwood and a willow tree killed by the burst- 
ing of a jug of sodic arsenite which had been left beneath them. 

I have the record of some other trees killed in a similar manner. 

These cases are cited that we may present the effects of arsenic 
upon the tree and its tissues when it is present in the soil in a soluble 
form and in sufficient quantities to kill quickly. 

We find in these cases the following features: the disintegration 
of the bark and woody tissues of the roots, the killing of the bark and 
tissues of the trunk, the production of a black heart, the exudation of 
ill smelling juices and a stunting in cases where a portion of the limb 
has survived. 

_ The arsenite of soda mentioned above is the solution of white arsenic 
in sal soda, and is mixed with lime and water before it is used as a 
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spray. It is mixed with lime to make the arsenic insoluble, though 
a very marked quantity of arsenic remains in solution in the alkaline 
liquid. This is contrary to general belief. I have had two lots of 
this preparation made with very excessive quantities of lime. Two 
hundred cubic centimeters of the supernatant solution gave a good 
test for arsenic by Reinsch’s test. |The sodic arsenite is not itself used 
for the purpose of spraying the trees but is added to the milk of lime 
to make the lime, sal soda and white arsenic preparation. 


Dr. S. M. Bradbury, Horticultural Inspector of Mesa County 
for eight years, makes the following statement which is used with his 
permission. “Bands had been used in a certain orchard and on adopt- 
ing the lime, sal soda and arsenic spray these bands were left on the 
trees, some of them for two or three years. Some of these trees 
died and on examining the bands we found that the bark beneath the 
bands had been entirely eaten up. The lime and arsenic had collected 
under the bands and destroyed the bark.” 


I know of another tree within a few feet of which the owner had 
mixed his spray material for several years in succession. This tree 
died and its wood was rich in arsenic. In this case arsenate of lead 
was used as far back as I have any information—about four years be- 
fore the death of the tree. 


I will cite but one more, though there are a few other instances 
which might be given. A man emptied his spray tank, containing 
arsenate of lead. about six feet from an apple tree; that side of the 
tree died. I did not take and analyze any portion of this tree becau ‘e 
the owner did not wish me to deform the tree as he was sure he could 
cure it. The effects in these cases were in the main the same as in the 
cases killed by sodic arsenite, disintegration of the bark, the staining 
of the woody tissue, the production of a“black heart,”’and the production 
of a yellowish red bark frequently with longitudinal cracks. It will 
be remembered that I did not see the trees described by Dr. Bradbury, 
though I know the orchard very well and can testify that it has been 
in very bad condition for several years past. His description which 
I believe to be entirely reliable tallies exactly with what we find in the 
other instances. It is only through accidents that we have opportun- 
ity to observe the effects of sodic arsenite on 16 or 18 year old trees 
in commercial orchards, but the lime arsenite and the lead arsenate 
have been applied plentifully to our commercial orchards for years 
past and the action of these two may be found in almost any commer- 
cial orchard from 12 to 18 years old. No distinction can be made so far 
as I have observed between the action of these two sprays, except that 
the lime salt being more readily soluble than the lead salt probably has 
done the greater amount of injury to our orchards. 

We have then a fair amount of evidence obtained by direct obser- 
vation of the effect of arsenic in the three compounds, sodic arsenite, 
lime, sal soda and white arsenic, and lead arsenate, upon the bark, 
the woody tissues and the life of the tree. The sodic arsenite 
acts quickly, causing the death of all parts of the tree to which it may 
be carried; it causes the disintegration of the bark, especially of the 
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roots, and may also destroy that of the trunk. It stains the woody 
fibre and causes its disintegration, sometimes producing a punky con- 
dition, and produces in the branches not so seriously affected a 
“black heart” condition. The lime arsenite and the lead arsenate pro- 
duce essentially the same condition in the tree but their action is very 
much less intense. : 


Is Arsenic a Normal Constituent of Any Wood? 


I have not examined many woods for arsenic with the object of 
determining this point, one sample of oak anda few apple trees. The 
oak contained no arsenic and I have found three apple trees in Colo- 
rado which were free from it, two of them were young trees and the 
third tree was one which had been killed by blight. Tre presence 
of arsenic in fodders, vegetables, meats and even in the human body 
are matters which belong in the province of the toxicologist and have 
but little bearing on a question dealing with such large quantities of 
arsenic as we do in studying its effect upon trees. I think that we 
are justified in assuming that normally arsenic is no more a part of 
an oak, an elm, or an apple tree than it is of the human body. In 
these days, however, when arsenic is spread broadcast upon our soils 
as superphosphates and arsenical sprays it would be rather surprising 
if it has not become so generally distributed that it might be found 
in the organs and bones of almost any person. I am certain that 
should the writer of these lines die suddenly and his body be sub- 
jected to a careful analysis, but little trouble would be met with in 
demonstrating the presence of arsenic in his liver, spleen, and possibly 
other organs, of which facts I hope to give good proofs in a later par- 
agraph. I think that we may waive the question of traces and as- 
sume without any fear of ‘being in error that arsenic is not a normal 
constituent of apple and pear trees in the quantities with which we 
are dealing, from one half to upwards of 20 even to 34 parts of arsenic, 
calculated as arsenic acid per million of the woody tissue. 


Arsenic is Taken Up by the Trees. 


/ 

I have endeavored to convey to the reader a clear notion of the 
amounts of arsenic which have accumulated in our orchard soils. 
As much as 138 parts of arsenic, calculated as arsenic acid, having 
been found per million parts of soil. This does not mean that every 
man’s orchard soil is as rich as this nor does it necessarially follow that 
I could not have gotten samples from this orchard which would have 
run less, or perhaps more. This sample was a large one taken to 
the depth of one foot. I have shown that the water soluble arsenic 
in these soils in some cases exceeds 1.25 parts per million. The 
effects of soluble arsenical compounds on apple trees has also been 
shown, These cases were extreme ones, it is true, but they prove 
that apple trees may be killed by arsenic and they show the action of 
arsenic on the bark and wood of the tree. We will now give in 
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some detail what we find in the case of our sick trees. No one can 
tell how many sick trees we have. I have examined several thousand, 
however, and in stating this it is to be understood that no trees suffer- 
ing from neglect or blight or sunscald or‘nitre or trees in which there 
was any evident complication of troubles or even mechanical injuries 
are included, 

Plate IV. is a photograph of an Anjou pear tree, taken in Sep- 
tember 1909. The trees in the background are already attacked but 
will live two or possibly three years yet. The soil is a sandy loam 
free from alkali and seepage. A hole was dug at the base of the 
tree and there was no water at a depth of four and a half feet. The 
photograph shows where a large limb was cut off for examination. 

The number of individual trees which have been analyzed is 
eighty-one, sixty-seven in connection with this bulletin and fourteen 
in connection with Bulletin 131, and of the eighty-one samples ex- 
amined I have personally taken fifty-five, possibly more, I have not 
known the history of the trees in more than a few instances. Orchard- 
ists Go not, except in rare cases, keen a written record of their doings 
and I find that any other record is of little value; more satisfying than 
none, it is true, but not to be depended on. ‘This is in no wise a re- 
flection upon the veracity of orchardists or others, but simply the state- 
ment of a very well known fact, i. e.. that no one remembers their ordi- 
nary, every-day doings for more than a very short time, especially 
when these doings may be repeated quite frequently but at irregular 
intervals. 

I have arrived at the point where I do not consider statements 
made pertaining to acts done much prior to the current year, and even 
then I consider a number of things before I place much value on the 
statements. ‘T‘hi+, is very unfortunate for it necessitates the rejection 
of much information that might be very valuable and it increases our 
difficulties when the help that the information would afford is badly 
needed. I have been told very many times of trees that had never been 
sprayed; those trees, however, almost uniformly proved to contain 
arsenic, copper and lead. I admit that thir is not absolutely rigid 
proof that the trees had been sprayed, but in as much as we have been 
using preparations of copper and arsenic, lime and arsenic and lead 
and arsenic with which to spray trees and as these substances eventual- 
ly find their way to the ground from which the tree draws its nourish- 
ment, I submit that one is justified in interpreting the presence of 
these three substances, or even arsenic and either one of the others, 
in the woody tissue of the tree, as conclusive that the most probable 
source of the arsenic and lead or arsenic and copper was spray material 
which had been applied, rather than any original occurrence of these 
substances in the soil. ‘This would seem the more probable as spraying 
of fruit trees has been practiced for not less than twenty-eight years 
and has been general in our section for about fifteen years. As the 
trees in question are usually from fourteen to thirty or more years 
of age, I prefer to accept the testimony of the chemical examination 
as to whether the tree has been sprayed or not rather than the state- 
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ment of the present owner, who in many cases knows nothing about 
the earlier history of the orchard. 

In writing of these trees Mr. Whipple made the following state- 
ment: 

“Two seasons are required for the disease to kill the tree. The first 
season the trunk is girdled and the foliage drops early, ‘This early ripening 
of the foliage is often the most prominent symptom and diseased trees can 
be easily picked out in the early fall. * * * ‘The second season the tree 
starts in to leaf as the normal tree, generally setting fruit, and dies in 
midsummer, the fruit and leaves clinging.” 


This description is entirely correct, but it applies to trees in which 
the damage has already proceeded so far that we can, with a great 
degree of certainty predict how soon the tree will die. This too was 
the phase of the trouble at which we began to study it. We found 
a zone beginning just below the ground and extending down on to the 
roots where the bark had been destroyed and the underlying tissues 
stained brown, ‘The similarity between these conditions ‘and those 
produced by the arsenite of soda is perfect. The destruction of the 
tissue is almost as though it had been charred by dilute sulphuric acid 
but is more complete than would be accompanied by a like coloration 
if it had been produced by this acid. I have examined a large num- 
ber of samples of the woody tissues of such trees, and have uniformly 
found that arsenic is present. The bark has not been used because the 
arsenical spray material might be mechanically included in it. For 
this reason the bark has in all cases been carefully removed. Further 
no dead wood which has been exposed to contact with spray material 
has been used, so that the results represent what has taken place in the 
tree itself. 

The first samples examined were roots of a pear tree in which the 
trouble had not proceeded as far as the phase described by Mr. 
Whipple, but which were not healthy; these roots contained arsenic in 
large quantitites. Subsequently other pear trees and apple trees 
were examined with like results till we have examined in all eighty- 
one trees, apple, pear and peach. The results may be summed up as 
follows: in every case in which the death of the tree has been 
cauved by corrosive arsenical poisoning we find the crown of the tree 
girdled, the bark below the surface of the ground is usually attached 
to the tree but is brown or black in color and its texture is wholly 
destroyed, the woody tissue of the root is colored mostly a deep 
brown and sometimes its texture too is destroyed. The wood of 
the lower part of the trunk is usually stained, though it may have no 
other sign of unhealthiness. This is in no manner similar to a 
spot of dead wood on the trunk of the tree above the crown caused by 
freezing or by a mechanical injury. The bark above the line of the 
ground is intact in most of these cases though there: are some instances 
of trees resembling the one shown in Plate 2, Fig. 1, Bulletin 131, 
which, however, is not similar to caves of winter killing with which 
any of us are familiar. The heart wood even in the limbs and branch- 
es is generally, but not always, of a deep brown color with a decided- 
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ly darker brown margin. This coloring is irregular and does not 
conform to annual rings. The trees that die of this disease, and I 
believe that they all die, linger two seasons. Further it is safe to 
predict that every tree that we now find with a corroded crown and 
some dead roots will perish within the next few years if left to itself. 
We have many trees which show no sign of the trouble above ground 
this year, but which we can safely predict will die within the next two 
years. The signs above ground are those described by Mr. Whipple. 
The trees first submitted to analysis were naturally trees that were 
very sick. But few actually dead trees have been examined. No 
such sick tree has failed to yield a strong reaction for arsenic. This 
is most abundant at the crown of the tree, less abundant in the upper 
portion of the stem and still less so in samples of the branches, but 
is prsent in all parts of the tree. 

I wish to emphasize the fact that we have two phases of the ac- 
tion of arsenic, first the local action of that which collects about. the 
crown of the tree and that which has been taken up from the soil 
by the feeding roots and in this way passed into the tree with the 
nutrient solutions. It is evident that if the tree has been sprayed often 
enough to permit so much arsenic to collect at the base of the tree that it 
corrodes the crown and roots, the tree will also have gathered arsenic 
from the soil by means of its feeding roots and no one can say how 
much of that present in the woody tissue has been taken from the soil 
and how much has been absorbed through the wounds made by the 
arsenic on the crown and roots of the tree. 

I maintain that we have strong reasons for believing that con- 
siderable injury has been done by arsenic absorbed with the nutrient 
solutions when it produces what I have designated as systemic 
poisoning. This feature was merely touched upon in Bulletin 131 
because as there stated the cases of irritant poisoning are more num- 
erous and, I may add, more evident. 

It is evidently out of the question to give the details of sixty or 
more trees suffering from irritant arsenical poisoning. The observed 
facts are so uniform that it would only be to restate the same thing as 
many times as we should describe different trees. In every case 
we find a zone just below the surface of the ground and involving 
the large roots in which the bark of the tree is converted into a brown 
or black mass and the texture destroyed, the woody tissue beneath this 
is in many cases also destroyed, especially of the roots; 
in the trunk it is usually partially destroyed and always more or lers 
stained of a brown color. As these trees approach death, usually 
indicated in the early fall of the year preceding this event, the fol- 
iage ripens early. The tree usually blooms profusely the next spring, 
sets fruit and dies early the next fall, the leaves and fruit often re- 
maining on the tree in some instances until far into the winter or even 
the ensuing spring. In some cases we have a_ killing of the bark 
above ground. ‘This occurs in continuous areas extending up so far- 
as to sometimes involve a portion of a limb. ‘This is shown in Plate 
2, Fig. 1, Bulletin 131. The bark is not loosened but is killed, the 
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juice that exudes is ill smelling and the area is continuous with the 
corroded crown. The whole section of a root may be involved or 
only the upper portion of it. There is frequently as sharp a line 
showing the limits of the attack on the roots as is shown by these 
patches on the trunk. This illustrated by Plate VI, rep- 
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PLATE VI. 


resenting the root of an apple tree, the further portion of which was 
perfectly healthy in appearance, which is also shown in the photo- 
graph. It may be of sufficient interest to justify a statement that 
this root was cut from the tree last May and the tree was prac- 
tically dead this fall when I last saw it. I have found in such 
trees from 12.5 parts in the woody tissue to 24.65 parts of arsenic, cal- 
culated as arsenic acid, in the disintegrated bark. 

Prof. C. S. Crandall, of the University of Illinois, formerly hort- 
iculturist of the Colorado Experiment Station, writes me that their 
chemist, Mr. O. S. Watson, obtained in samples of disintegrated bark 
which -he collected while on a visit to this state 1.8 and 15.8 parts of 
arsenic per million. 

In a sample of disintegrated bark collected from the crown of 
some pear trees 24.71 parts of arsenic per million, calculated as arsenic 
acid, were recovered. In the woody tissue of an apple tree root which 
we know was killed by sodic arsenite, 24.02 parts of arsenic acid were 
recovered. The inner portion of the bark on the pear tree is for the most 
part still intact and healthy but the bark is in many places very thin and 
occasionally we find it eaten entirely through and the underlying sap 
wood already attacked. The explanation that I offer for this condi- 
ticn is that the snray has been applied heavily enough to run down 
the trunk and col'ect around the crown of the tree just as the arsenic 
collected under the bands described by Dr. Bradbury. It has been 
soluble encugh to saturate the bark to the extent stated, 24.71 parts 
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per million, and to cause its destruction. This sample of disintegrated 
bark may have contained some arsenic in the form of the spray original- 
ly used. We tried to remove all the soil and adhering spray by sift- 
ing, this being the only feasible means of removing them. 


The Source of the Arsenic. 


We have found arsenic present in every sprayed tree which we have 
examined, I am fully convinced that every sprayed tree contains 
arsenic enough to permit of its detection in the woody tissue without 
the use of any very large amount of the wood. I believe that from two 
to 4 or at most 6 ounces of wood will suffice for the detection of 
arsenic. The perplexing feature in this work has not been to detect 
the prejence of arsenic but to arrive at a definite conclusion in regard 
to its source and action. I have already answered both of these ques- 
tions. 


The presence of arsenic alone is not taken as sufficient proof that 
the arsenic in the trees came from spray material, though such might be 
the case, but when arsenic and copper or arsenic and lead or when all 
three are present at the same time I believe it to be sufficient evidence 
that the tree has taken it up mostly, if not wholly, from the sprays 
which have been used. If there is arsenic already in the soil the tree 
might without doubt obtain a trace from this source. This question, 
however, will be more fully considered under the subject of systemic 
poisoning, where it properly belongs. 


The Cause of Death. 


The crowns of trees growing in our neglected orchards are not 
corroded although the trees may be in bad condition. The trees that 
have been killed by nitre have perfect crowns. We have described 
the condition of the bark on trees showing cases of corrosion. We 
have shown that arsenic destroys the bark in this manner and have 
cited at least eight instances in which I have seen the trees. We have - 
shown that this bark contains in the case of the pear trees arsenic 
equivalent to 24.71 part~ of arsenic acid per million of the bark. This: 
observation is supported by the findings of Mr. Watson, who obtained — 
15.8 parts of arsenic per million, which, assuming that Mr. Watson’s 
figures mean metallic arsenic as I suppose they do, would correspond to 
24.22 parts arsenic acid per million. These figures are so high that 
any other source than the spray material is out of the question ; besides ~ 
we know that the spray material does run down the trunk and into the - 
ground at the crown of the tree. That this is a sufficient amount of © 
arsenic to destroy both bark and woody ti-sue is plainly shown by the 
amount of arsenic found in the disintegrated tissues of roots which 
we know were killed by arsenic, in which was found arsenic correspond-— 
ing to 24.02 parts arsenic acid per million. The maximum amount of | 
arsenic found in any part of a tree, even when the arsenic was known 
to have been applied in such quantities as to have killed the tree quick- 
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ly, corresponded to 34.5 parts of arsenic per million. We have stated 
that we find this corrosion of the bark in ail stages of advancement 
from a mere film onthe bark toa point where it has eaten through the 
bark and attacked the woody tissue and have'found this woody tissue to 
contain arsenic equivalent to 13.20 parts arsenic acid per million. We 
have then this series of facts showing the progress of the disease till the 
girdling is complete, or so large a portion of the crown and roots have 
been destroyed that the tree dies. The amount of arsenic in the bark 
and in the tissues in extreme cases is as great as is found in tissues 
known to have been killed by arsenic but we do not know that the 
amount found in the destroyed root is not very many times the mini- 
mum amount necessary to produce this result. I have no hesitancy in 
concluding that arsenic applied to trees as arsenical sprays, i. €., as 
Paris green, as arsenite of lime (lime, sal soda and white arsenic), and 
as arsenate of lead has produced this trouble, 


Arsenic in the Trunk and Limbs. 


That I am unable to distinguish, in cases of trees which have 
died: of irritant arsenical poisoning, how the arsenic found in the woody 
tissue was taken up is evident. The trees described were all in a dy- 
ing condition but not dead, therefore imbibition after death is out of the 
question,. but whether the arsenic found had been taken up by the wood 
from the injured crown or had been gathered by the feeding roots 
from the soil I cannot tell. Since this is simply a matter of fact 
which cannot be directly observed, I will assume that both methods have 
played a part. That the roots gather arsenic from the soil will be 
abundantly proven and further that they may gather enough to injure 
or even kill the tree. On the other hand it is very probable that arsenic 
is absorbed directly from the corroded crowns and roots, in which case 
we would expect the tissues in the neighborhood of the wounds to be 
ticher in arsenic than those parts farther removed. This is, I think 
as much as can be said in regard to this point. 


This is the case in these trees. We have in the woody tissue at 
the crown of a dying tree as much as 13.20 parts of arsenic, as arsenic 
acid, whereas in the limbs I have not found more than 3.28 parts per 
million and this was in a Bartlett pear tree which had been heavily 
sprayed, having received seven or eight sprayings annually for six 
years. The crown and roots of this tree were badly corroded and the 
roots contained 4.821 parts of arsenic acid per million. In a tree 
near which spray material had been mixed and which had killed the tree 
I found 8.32 parts per million in the roots and 6.35 parts per million in 
the limb. The roots and crown of this tree were badly corroded. 
This sample was taken in the month of March. I do not think that 
the tree would have put out any leaves if it had been allowed to stand. 
There is not always so marked a difference between the arsenic content 
of the crown and the limbs though a difference always exists; in the 
case of a pear tree, the one shown as a badly affected tree in Plate IV, 
the root showed 3.505 parts per million while the limbs gave 2.19 and 
2.64 parts per million. 
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It is perhaps proper that I should say a word in regard to these 
determinations. It is a difficult task to manipulate the destruction of 
60 or 70 grams of wood without losing some arsenic, again there is 
some loss in the Marsh-Berzelius method, again it is impossible to weigh 
such small quantities except on a button balance, which is not always 
at hand. In this connection I wish to acknowledge my indebtedness 
to Wm. Ainsworth & Sons who kindly placed one of their balances at 
my disposal. This balance was claimed by these makers to be accurate 
to 0.005 milligrams, and the balances are as represented. The weigh- 
ings are accurate but the difficulties in the recovery of the arsenic will 
not justify us in claiming the highest degree of accuracy for them. 
One thing however can be said, i. e., they are all too low, and this with- 
out an exception. This I think will be readily acceded by persons 
competent to judge. The pages of a bulletin are not, in my opinion, 
the place to discuss analytical methods, therefore this subject will not 
be mentioned further than to reiterate the statement made in Bulletin 
131: “That the reader is assured that the arsenic reported was not con- 
tained in any or all of the reagents used. The care taken was in all 
ways as circumspect, so far as the analytical work was concerned, as 
though human viscera were in my hands.” ‘Trouble was had in obtain- 
ing zinc so nearly free from arsenic that one could use it without mis- 
givings. 


The Part Played By Alkalis. 


I was very explicit in my statements regarding this subject in 
Bulletin 131. I see no reason to change any statement made therein, 
namely that lead arsenate yields arsenic quite readily to dilute solutions 
of sodic sulphate or sodic chlorid and these are our common alkali 
salts. The other salts always understood, when we use this term, are 
the sulphates of lime and magnesia. Distilled water dissolved arsenic 
acid from the arsenate of lead which we used though it, the lead salt,’ 
had been previously washed, but water to which sodic sulfate or sodic 
chlorid, ordinary salt, has been applied will dissolve it more readily. 
This is true of the neutral lead arsenate and probably in a higher de- 
gree of the acid arsenate. Arsenite of lime (lime, sal soda and arsenic) 
is quite soluble in water but more readily so in water to which sodic 
chlorid or Glauber’s salt has been added. I have, however, met with 
soils in which there is so good as no alkali and yet a very considerable 
amount of arsenic can be dissolved out of this soil by distilled water. 
I have even obtained soils from states in which alkali is not supposed 
to exist and these soils, too, contain arsenic which is soluble in distilled 
water and the quantity is so significant that it raises a doubt in my 
mind as to how big a part our alkalis actually play in the matter. It 
is evident that they may take some part in bringing the arsenic into 
solution in water but they are certainly not the primary cause of its 
solubility. . As elsewhere stated, all of the arsenical compounds used 
as spray materials, Paris green, arsenite of lime and lead arsenate, are 
perceptibly soluble in water and consequently any soil containing these — 
salts in sufficient quantities ought to yield arsenic to pure water, as 
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they actually do. The alkalis in our soils certainly tend to increase this 
solubility, but as stated, we find so much water soluble arsenic in soils 
free from alkali that I am now very much inclined to attribute a rather 
small part to them, and to take the statement first made by Prof. Whip- 
ple, that “soil conditions seem to have no relation to the disease” in the 
broadest possible sense. I, however, am not willing to say that the 
alkalis have no influence but simply that I am convinced that they have 
much less influence on the question than I formerly thought. This 
view is not only forced upon me by the fact that soils free from 
alkali contain water soluble arsenic, but also by the fact that I have 
found so many trees injured by arsenic and yet the soil in which they 
be grown could not be called an alkali soil without actual disregard of 
acts. 


In order to test this point further and at the same time to de- 
termine the difference in the deportment of the orthoarsenate of lead, 
Pbs( AsO,)2 and the acid arsenate, Pb H AsO, with dilute solutions of 
the ordinary “alkali” salts, i. e., sodic sulfate and chlorid, six series of 
experiments were made which extend those described in Bulletin 131 
in that sodic carbonate is included in the solutions and further we 
have endeavored to determine the arsenic acid that went into solu- 
tion. 


The first solvent considered, is sodic sulfate, because this is 
our common alkali. Three strengthes were used: one, two and three 
grams per litre. The strongest of these is weaker than many of our soil 
waters, but is probably as strong as the soil waters in the majority 
of our orchards. It is very certain that quite a number of orchards 
can be found in which the soil itself will contain a larger amount of 
sodic sulfate than 0.1 per cent, or one part per thousand; on the other 
hand there are a great many that do not contain this much. This 
statement is made because there are many places where we sometimes 
meet with saturated solutions of this salt and this condition is sup- 
posed to apply to all, or to a very large portion, of the orchard land 
which is too broad an inference. One and one-quarter gram of the 
lead arseriate was added for each litre of the solution and the whole 
shaken frequently. 

The solubility of the acid lead arsenate in water was not de- 
termined but it has been previously stated that distilled water dissolves 
about 0.3 per cent. arsenic acid out of the triplumbic or neutral arse- 
nate. According to this each litre of water would dissolve 3.7 milli- 
grams of arsenic out of the 1.25 grams of ordinary arsenate of 
lead. Portions of the solution were taken at the end of 24 and 72 
hours. | We had some trouble to obtain perfectly clear solutions. 
The difference in the amounts of arsenic dissolved being quite small 
the range being from 3.9 to 7.2 milligrams per litre. I give the aver- 
age of eight determinations made with the sodic sulfate which is 5.6 
milligrams of arsenic acid per litre for the triplumbic arsenate. 
This includes the thre strengths used, 1, 2, and 3 grams per litre, or 
parts per thousand. The acid arsenate, PbH AsO,, gave higher 
results from 3.8 milligrams per litre in 24 hours for the solution 
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containing one gram sodic sulfate to 10.5 milligrams in 72 hours for 
the solution containing three grams sodic sulfate per litre. The average 
for the eight determinations made is 6.4 milligrams arsenic acid 
per litre. 


The acid arsenate is more readily attacked even by these weak 
solutions than the ordinary arsenate of lead; but both yield significant 
quantities. 


Previous experiments had inidcated that sodic chlorid (common 
salt) is much more vigorous in its action on lead arsenate than the sodic 
sulfate or Glauber’s salt. Sodic chlorid is not present in large 
quantities in our soils and for this reason I used only one-half as much 
sodic chlorid as sodic sulfate, i. e., one-half, one, and one and a half 
grams to the litre. As the amounts dissolved and the differences are 
greater I will state them in tabular form. Ordinary lead arsenate is 
Pbs( AsO,)2, the acid arsenate is PhH AsQO,. The results are stated in 
milligrams of arsenic acid. 


Ordinary Acid 
Va gram NaCl per litre___- | a nee Ae a 
1 gram NaCl per litre____ ! ee a 383 ba 
1¥4 gram NaCl per lite...{ 24 S369 34 


Sodic carbonate (sal soda) was used in solutions one half as 
strong as the sodic chlorid, because it is present in our soils in quite 
small quantities. 


Ordinary Acid 
4 gram Na.CO; per litre_ ] ss ie oe 145 
¥Y% gram Na:CO: per litre_ { eke ao pe 
1 gram Na:COs per litre_ | oe ae ye a . 


The ordinary lead arsenate, Pb:(AsQ.)2, is attacked a little more 
freely by water containing only a comparitively small quantity of 
sodic sulfate than by pure water and the amount dissolved increased 
slightly when we increased the amount of sulfate from one and two 
to three parts per thousand. Even small amounts of soda chlorid 
and carbonate decompose the arsenate to a marked extent. The 
acid arsenate, with thirty per cent or more of arsenic acid, is at- 
tacked more vigorously by each of these substances, sodic sulfate, 
sodic chlorid and sodic carbonate, than the ordinary arsenate with 
about 26 per cent of arsenic acid. This difference is quite im- 
portant as the acid arsenate is coming into more general use. 
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The Part Played By Water. 


I know that Prof. Whipple had this condition in mind as much as 
any other when he made the statement that soil conditions seem to 
have no relation to the disease and I also had it in mind when I cor- 
roborated his statement. This trouble appears on high as well as 
low ground, on sandy soil as well as in heavy soil. The pear tree shown 
in Plate IV stands in a light sandy loam with a decidedly sandy sub- 
soil changing to gravel at the depth of four feet. I sunk a hole a little 
deeper than this at a season when the whole country was being irri- 
gated, namely, at the time of the autumn irrigation and at a depth of 
a little over four feet this soil was almost dry. I have seen trees 
drowned but the water in these cases had risen quite to the surface 
and had remained there for a long time, how long I do not know. 
These trees do not belong to this class. 

In this connection I will again state that trees killed by nitre 
poisoning present nothing in common with those killed by irritant ar- 
senical poisoning. Trees killed by nitre generally have perfectly healthy 
crowns and roots. Most of the cases that I have examined have had per- 
fect crowns, in fact I think that they always have unless there is some 
complication of trouble, as irritant arsenical and nitre poisoning, in 
which case the tree might die of nitre poisoning though it had a cor- 
roded crown. 

There is an orchard which I am convinced has suffered several 
ears from a rising water plane and an excessive quantity of nitre. 
his orchard is drained by a 7x6 inch box drain which discharges a 

large amount of water but it is not sufficient. The water discharged 
from this drain carries 637.2 grains of mineral matter in each imperial 
gallon of which 14.5 grains was sodic nitrate or its equivalent. The 
crowns of these trees and the roots at the crown are apparently per- 
fect but the trees are in bad condition and many of them have been ° 
removed. The distal ends of the roots are killed, rotted off. This I 
believe, has been done by the high water plane. These trees present 
an entirely different case from trees killed by irritant arsenical 
poisoning. 
Trees That Have Not Been Spraved. 


I introduce this subject for the simple reason that through this 
claim for certain trees I found some very instructive and interesting 
cases. It: is a very common thing for persons to state that “those 
trees have never been sprayed.” I have been ceceived by this state- 
ment so often that I now pay no attention to it at all. I have exam- 
ined too many trees that “have never been sprayed” and found arsenic, 
copper and lead present which I consider as establishing a strong pre- 
sumption that the tree has been sprayed. In this instance, however, 
I know the owner personally and he was so positive and his statement 
was corroborated by at least one other member of the family, that 
when I saw the trees which I thought were surely not sprayed I did 
not know what to think. I at once saw that I had to examine 
at least two of the trees, for if these trees had not been injured by 
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arsenic then | had at last found an instance of apple trees with cor- 
roded crowns and all the other conditions which I had been attributing 
to the irritant action of arsenic which were not due to this cause. 
| took samples of the corroded roots of two trees and found arsenic 
without any trouble. I knew that my friends had not tried to de- 
ceive me and was certain that an explanation was to be had. I sug- 
gested to them that potatoes might have been grown between these 
trees and had been sprayed with Paris green or possibly lead arsenate. 
‘This proved to be the case, and while the trees had not been sprayed as 
apple trees, they had been sprayed with the potatoes, At this time 
it is impossible to learn whether these trees had ever had the poison ap- 
plied directly to the body of the tree or not, A few points, however, 
are established: that the crowns of these trees were girdled, the roots 
were corroded, arsenic was present in the woody tissues of the trees, 
the trees have since died, ‘They were never directly sprayed as apple 
trees but potatoes were grown between these trees and were sprayed 
with Paris green in the earlier years of the orchard and later with dis- 
parine, a trade name for arsenate of lead. — 1 will here mention another 
case, a little different it is true, but somewhat to the point suggested by 
the preceding instance, Two young trees were set in the pisces of two 
dead trees and stood three years and died. — Prof. Whipple was asked 
to examine the trees, and suspected that they had been killed by arse- 
nic, but these trees had never been sprayed. TI visited Grand Junction 
soon after that and he asked that T go and see these trees, for if 
the faets were wholly as stated to him 1 might have to make some ex- 
ceptions to my general statements, T went and found that the owner 
had pulled them up and buried them, We dug them up, washed them 
off and examined them, — T, too, felt certain that they had been killed 
by arsenic, ‘The owner at first insisted that they had never been 
sprayed, which in one sense was true, but he admitted that the boys 
had turned the spray on them as they drove past them while spraying 
the orchard, —T asked him for the history of the trees and found that 
he had a young orchard three years old and these two trees were from 
the same nursery lot which he had planted in the young orchard, [ 
asked him how many trees had died and he said none but the two trees 
that he had set in the places of two old sprayed trees and which 
they had just sprinkled as they drove by with the spray tank. The 
crowns and roots were corroded and arsenic was present in the woody 
tissues of the one that T examined. T give the cases of these four trees as 
suggesting, but nothing more than suggesting, the answer to a question 
which has frequently been asked: Ts it safe to plant young trees 
in an old, long sprayed orchard? — T have uniformly confessed my in- 
ability to give an answer to this question, These cases certainly sug- 
gest the possibility of danger, especially if the soil filled in around the 
crown should chance to be rich in arsenic, 


yA . . ‘ 

lhis and other serious questions are by no means new to many of 
our orchardists, One of them rather anxiously asked me in the early 
spring of 1900, “What are our old orchard lands worth?” ‘This, too, is 
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a suggestive question which I have not ventured to answer. 


An elm tree first called to my attention by Mr. H. A, Richardson, 
Horticultural Inspector for Delta County, presents a most 
interesting case. Some may feel that the trees previously mentioned 
had in effect been sprayed; at least the cases need explanation in 
order that the claim that they had never been sprayed may be under- 
stood. There is no doubt but that the first two trees mentioned had 
not been sprayed, but no one can at this time so much as surmise what 
may have happened whereby the arsenic may have been applied around 
the base of the tree. With this elm tree, whose condition in October, 
1909, is shown in Plate V_ the case is different. The bushes in 
the left hand side of the picture are lilacs; in the background are 
apple trees of different ages. ‘That portion of the background occu- 
pied by young apple trees was formerly a pear orchard, In the spring 
of 1909 this tree was in such a condition that its owner became anx- 
ious about it, especially so as it is a tree the care of which has been 
a pleasure and whose growth has delighted the owner because it has 
attached to it memories and a sentiment which none but the owner 
may share. ‘The conditions found are fairly indicated by the limb on 
the right; the leaves were dying and this side of the tree was in evident 
distress; the condition was so bad that the people were glad to have 
the limb taken for examination, ‘The wound made in removing the 
limb bled freely and smelled very offensive. ‘The interior portion 
of the limb was very dark and examination showed the presence of 
a considerable quantity of arsenic. 1 have endeavored to find some- 
thing in the history of this tree which would explain this but I have 
found nothing. 


} 


A. roadway passes in front of the tree and on this side of the road 
is the kitchen garden. ‘The tree has never been sprayed. ‘They did 
mix a little spray material, lime, sab soda and arsenic, just beyond 
the lilac bushes once, now seven or more years ago. I have been 
unable to find any other specific cause for the trouble. ‘This case has 
been so interesting to me that I have made four visits to the place. 
_ The condition of the tree grew steadily worse throughout the past 
season, Beginning at the point where the limb was cut off one can 
follow an injured strip running somewhat spirally down the trunk. 
It is lost at the crown of the tree. I give this fact because I followed 
this injured strip expecting to find it leading to an injured root which 
I might follow to the place where they had mixed the arsenite of lime 
but I was disappointed. So with the aid of Mr. Herrick, our present 
Field Horticulturist in this section, I traced out the roots of this tree 
- to see if we could find any of them either dead or showing injury. 
We traced five different roots for a distance varying from twenty to 
twenty-five feet and found no external injury to the roots except at 
one place and this I am sure had been done by the ploughshare. 
We, however, found some roots which were not healthy as they had 
‘spots on them and on stripping off the bark we found the inner side 
of the bark and the tissues of the root colored brown or brownish 
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and livid. The soil at a distance of twenty-five feet from the base 
of the tree was well filled with fibrous roots of the elm tree. The soil 

showed by qualitative test that it contained an abundance of arsenic. 

There remained but one thing for me to do and that was to take 
more samples. I accordingly cut off one of the roots at a point Six 
feet from the base of the tree and took a section of the root three feet 
long for a sample. I also took a small limb from the healthy appear- 
ing side of the tree. These samples showed the presence of arseric in 
considerable quantities. We have in this case a tree which has never 
had any arsenic applied to it directly. It is not in any way indicated 
that the tree was injured by the Ag arsenite which was mixed at 
some distance from the tree, but I do not say that it was not. I say 
only that I failed to find any proof that it was injured, and my judg- 
ment is that it is very doubtful whether that operation performed seven 
or nine years ago had anything to do with the present troubles, except 
as it has contributed to the general conditions. The root taken started 
out between the two little bushes near the tree, then turned to the right 
and ran straight back into the orchard. We find, that some of the 
roots show a diseased condition quite similar to conditions found oc- 
casionally on the trunks of the trees. We find that the woody tis- 
sue of the root contains arsenic and also that of the limb taken from the 
apparently healthy side of the tree. The limb which has been re- 
- moved was dying; one of the limbs remaining on the right side of the 
tree is dead. It presented all the signs which accompany the death 
of trees killed by arsenic and arsenic is present. I have no hesitancy | 
in saying that arsenic is the cause of the trouble and the death of the 
limb. This tree which has really never been sprayed, and which ap- 
pears to have escaped accidental poisoning but whose roots were feed- 
ing in a soil rich in arsenic, is dying of arsenical poisoning. 

The soil in this case is a red mesa soil somewhat clayey and at the 
same time calcareous, I would say marly, it effervesces freely with 
acids. I do not know how far it is to water, but judging from the line 
at which the seepage water breaks out below the edge of the mesa, 
twenty-five feet is a conservative depth to assume for the water plane. 


The ash of the smaller limb which the plate shows as having been 
cut off shows the presence of copper, but the presence of lead is 
doubtful. A porcelean lamp was used in incinerating the wood; so that 
there is no question but that the copper was contained in the wood ; be- 
sides the quantity present is too big to have come from the flame of a 
Bunsen burner in the ordinary course of work. 

The virgin soil from this mesa was tested for copper, lead and 
arsenic. One hundred grams of soil failed to give a trace of lead. By 
careful manipulation we were able to establish the presence of a minute 
trace of copper, but there is a more decided quantity of arsenic 
present. The orchard soil is decidedly rich in copper and arsenic. 
It was not tested for lead and needed not to have been for arsenic, for 
we know that the arsenate of lead has been put on the soil in spray- 
ing the trees. The quantity of arsenic and copper present is much 
greater than that in the virgin soil and the presence of the two, 
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arsenic and copper, is conclusive proof that this tree has obtained the 
arsenic which we find in its roots and branches from the spray material 
applied to the adjacent pear and! apple trees, for the tree itself has 
never been sprayed. In this tree we have no corroded crown, but 
there is an injured strip running obliquely up the trunk. I[ could 
not trace it below the surface of.the ground. While some of the 
roots show signs of disease none of them are corroded. One side 
of the tree is already dead and the trouble is involving more and more 
. of the tree; arsenic and copper are present in the woody tissues of the 
limbs, The root was tested for arsenic only. There seems to me no 
other conclusion to draw from these facts but that the tree has gathered 
these poisons from the orchard soil. 


Lead and Copper an the Trees. 


The question whether these metals are playing any part in the 
troubles which we are discussing or not is certainly germane, but while 
I am ready to believe that they may have some influence the action of 
the arsenic seems so clearly to be able to account for all that we have 
found, that it seems needless to attempt to discuss. either lead or cop- 
per though we know that the latter can and has injured trees when used 
in too large quantities. 

I have examined a large number of trees for the presence of lead 
and have always found it. Lead has been determined in but one 
sample in which 0.003% metallic lead was found. This is practically 
all that we have done with the lead and copper, i. e., we have examined 
the woody tissues for them, because I consider their presence as es- 
tablishing the source of the arsenic with a fair degree of certainty 
and not because I wished to consider the question of their poisonous 
character. 


The Effect of Lime. 


This question is involved in more obscurity than any other 
that has been met with up to this timé. I know of several orchards in 
which the trees are small for their age and do not show the thriftiness 
that the care they have received would justify one in expecting. Four 
of the orchards that I have in mind receive excellent care, but many 
of the trees are not healthy. There is some irritant arsenical poison- 
ing present but these cases are not numerous and it has nothing to 
do with the condition here discussed. The one feature that I wish to 

present in this paragraph is that of bleeding. Namely, the wounds 
made in trimming last season will bleed badly this season. They 
sometimes do not bleed the first season but bleed badly the second. 
In some of these orchards the bark splits and bleeding ensues. The 
splitting of the bark may take place on the limbs or on the trunk. 
The bleeding is almost always profuse. This bleeding is so far as I 
can recall at this time confined to land that is very marly or underlaid 
by a stratum of marl. Sometimes this stratum is quite thick, two feet 
or more, at others it may not be more than a few inches in thickness. 
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The bleeding is sometimes quite profuse, so much so that the outflow- 
ing sap may encrust the trunk with a yellowish white deposit for 
several inches below the split, or if on a limb for a foot or more. | 
have seen it drip and build little stalactites three inches or more in 
length and cover the limb with a deposit an eighth of an inch thick. 
This material seems to be gathered from the soil and is_ the 
sap or solution sent up into the tree by the roots and! is probably not 
produced within the limbs or tissues of the tree. This of course 
cannot be observed, but the following example will make my meaning 
plain. A limb of a Jonathan apple tree was cut off on the eighth of 
April. It was cut off close to the trunk of the tree, not more than 
two feet from the ground. The tree was not healthy, but no more 
unhealthy than the average tree in the orchard. On the twelfth of 
May I found that this wound was bleeding and was already covered 
with the deposit described above. This sap was then exuding through 
the medulla, as was easily observable. No bleeding could be observec 


from the sap wood. This bleeding is very marked in some orchards 
and practically absent in many. The deposit is the same in appear- 
ance wherever I have seen it. The soil of these orchards -is under- 
laid by marl and the soil itself is marly. I think that the great ma- 
jority of our soils carry more than five per cent. of carbonate of lime. 
This deposit contains 25.00 per cent. of calcic oxid and 49.0 parts 
per million of arsenic, calculated as arsenic acid. ‘The cracking open of 
the bark and the bleeding is shown in Plate 5, p. 16 of Bulletin 131, 
and as it is still representative we will use it again as Plates VII and 


VIII. 


I know nothing about the contents of total solids in normal apple 
tree sap, but this sap is evidently very rich in total solids which 
as represented by these deposits are soluble in cold and hot water. 
but difficultly soluble in alcohol. If to the aqueous solution some 
alcohol, not enough to precipitate it, be added, fine acicular crystals de- 
posit on standing. Calcium is essentially the only inorganic base pres- 
ent but is accompanied by a small amount-of magnesia and the alkalis 
potassium and sodium. 

Lime was not mentioned in the preceding section because it is 
always present to some extent in the ash of plants and in all soils, 
and the amount of lime added with the arsenite of lime is extremely 
small when compared with the lime in our soils for which an estimate 
of 65 tons per acre foot is very moderate. The soil of one of the 
orchards referred to carries in the surface foot calcic carbonate equtiv- 
alent to 224 tons of burnt lime, while the subsoil is still more limey. 
The supply of lime is excessive, the ability of plant roots to dissolve 
calcic carbonate is well known, so the appearance of lime in these de- 
posits is no matter for surprise, but the appearance of so large an 
amount of arsenic, 49 parts per million, is sufficient to raise a question 
in regard to its source and its relation to the lime. 

Some plants are calcifugous but the apple does not seem to 
belong to this class, for it does well and lives long in limestone soils, 
not only in other states but also in Colorado. I know of a small or- 


Colo. Ag. Expt. Sta. 
PLATE VII. (upper), PLATE VIII. (lower) 
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chard set in a soil so thin that it scarcely covers the underlying 
calcareous shale and I could find none of this bleeding in these trees. 
The orchard is young and fairly thrifty. It is further true that this 
bleeding is not universal throughout the fruit growing sections of 
the state while the presence of lime in relatively large quantities is 
certainly the rule with only a few exceptions. 

In Bulletin 131 I stated that the question is: Are these trees 
suffering from systemic arsenical poisoning, lime poisoning, or both? 
Again I have repeatedly expressed my opinion that it is doubtful 
whether we can distinguish the part which each plays in the case. 
There can be no doubt, and there is no doubt in the minds of thought- 
ful men conversant with the facts, but that something is the matter 
with'these orchards. This does not mean that the trees are dead or 
that the orchards may not continue to give very handsome returns 
for years to come, but simply that the trees are not healthy and that 
the bad condition of some trees is possibly due to this cause. Arsenite 
of lime was at one tima our generally used spray material and it is 
possible that soil conditions may have been such that this in some cases 
caused the injury. 


The lime and arsenic may have been taken up together, that is, in 
combination, or taken up at the same time but not in combination 
and we are not able to distinguish their separate action. I would 
make no mention of this matter if I did not believe it to be of such 
importance as to demand mention. 

I have studied these marly soils to see if I could find anything 
indicative of an explanation for this condition. Orchards do quite 
well on some of these lands, especially if the surface soil is twenty 
inches or more deep and not too rich in lime. The following analysis 
will give an idea of their composition: 


ANALYSIS OF MARLY SOIL. 
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According to this analysis, the amount of phosphoric acid pres- 
ent is scarcely good but the supply of other plant food is very fair 
That this soil contains arsenic is assumed as the orchard has been 
sprayed for years. The carbonic acid, CO:, present corresponds 
to about 19.38 per cent. of carbonate of lime. The preceding is a 
surface soil. 


One of these marly subsoils had the following composition: 


ANALYSIS OF MARLY SUBSOIL. 
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100.033 


We have here about 28.28 per cent. of carbonate of lime or 
marl. This subsoil was taken at a depth of twenty-three inches, and 
though representing the subsoil of a sprayed orchard I deemed it of 
sufficient interest to determine the arsenic that it might contain and 
found 15.33 parts arsenic, calculated as arsenic acid, per million. I 
scarcely think that the spray applied to the trees would find its way 
down into this marl. This orchard had been given surface cultivation 
only, still I acknowledge the question as an open one whether this 
arsenic is an original constitutent of the marl or an adventitious 
one arising from the practice of spraying. Personally I believe that 
the mar] itself has always contained the arsenic. 

I will give an analysis of a marl from still another place. This 
sample was not taken in the orchard itself but from an adjoining piece 
of land belonging to the same owner as the orchard. I will state that 
this orchard showed a pronounced case of rosette. 


ANALYSIS OF A MARL. 
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99.439 
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This analysis indicates the presence of about 61.5 per cent. of 
carbonates, almost wholly lime carbonate and a quantity of decompos- 
able silicates. The most interesting point, however, is that this marl 
contained 5.21 parts of arsenic, calculated as arsenic acid, per million. 
These marls open the question of the presence of arsenic in our 
marly virgin soils. I have stated repeatedly that the greater part of 
the soils to be considered in this connection are to be considered as 
marly. I have therefore tested some of our virgin soils from land 
not yet brought under irrigation. The two already given cannot 
be considered as virgin soils, i. e., the subsoil twenty-three inches 
below the surface with 15.33 and a marl with 5.212 parts of arsenic 
acid per million. I have determined the arsenic in five virgin soils 
concerning which there can be no mistake about their having never 
received an application of arsenic, at least not the whole five, which 
were taken from localities about sixty miles apart. I found in these 
soils the following quantities of arsenic per million parts of the soil: 
2.8, 3.8, 4.2, 4.5, and 4.7 parts. I have further examined six other 
samples of soils concerning which some doubt might be entertained 
but I am fully satisfied that two of them have never been sprayed 
or received the application of any arsenic whatsoever and still it was 
present. 


In connection with this bleeding I have been confronted with the 
assertion that some of it has been observed in the case of some trees 
which had never been sprayed. I have not seen such myself but if 
' the observation be correct, it would point rather directly to the arsenical 
lime, whether native or artificially added, as the cause of this particular 
trouble, and I believe this to be the case. Those orchards in which 
I have found this trouble the worst are on such marly soil as I have 
described, and so far as I know their history, were treated very liberal- 
ly with arsenite of lime when this preparation of arsenic was exclus- 
ively used as a spray material. The samples of virgin soil in which 
the arsenic is present and cannot be attributed to any known source 
contain a comparatively small amount of arsenic compared with the 
orchard soils, in round numbers one tenth as much. ‘This statement 
does not consider the marly subsoil containing 15 parts arsenic acid 
per million because some of this arsenic may have been derived from the 
arsenical spray put on the orchard. No one has, so far as I know, 
attempted to determine to what depth these sprays may affect the 
arsenical content of the soil, but as they are decidedly soluble in water 
it is easy to conceive that the depth to which the arsenic may pen- 
etrate is greater than we might think. The sample of soil taken to 
the depth of one foot and showing 138 parts arsenic acid per million 
is also excluded from the above statement that the orchard soils con- 
tain ten times as much arsenic as the virgin marly soils. As our 
transplanted apple trees are shallow rooted, seldom feeding to a 
greater depth than two and one-half feet, it seems probable that they 
gather their food from the soil proper. I do not think that the marls 
underlying these lands enter into the question to a great extent, besides 
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only one of them has been found to contain more than five parts arsenic 
acid per million. 

In regard to the solubility of the arsenic in the orchard soils, 
I have shown that as much as 1.26 and 1.34 parts of arsenic acid 
per million of soil is soluble in water. The virgin soils on the other 
hand yield only traces or none. In this connection it is to be re- 
membered that the roots of the trees may be much more effective in 
bringing the arsenic into solution than distilled water. 


This bleeding takes place from cracks in the bark and also from 
old wounds made in trimming and is especially noticeable in wounds 
already one year old. I have watched this taking place, when the 
juices were issuing through the medulla while no other portion of 
the section seemed to be taking any part in the process. It is com- 
mon to find this section of a wound surrounded by this deposit which is 
rich in lime and arsenic. The medullary tract seems to be the easiest 
channel for these juices to traverse, which may itself be an indication 
of a diseased condition. Prof. Longyear has suggested that the ducts 
whose function it is to conduct the sap of the tree upward, may be 
so clogged and the resistance offered to the upward diffusion of the 
sap so great, that it follows this unusual course. The Professor 
kindly consented to examine sections of affected trees and gives me 
the following statement of his findings: 

“Three lengths of affected branches, two inches in diameter, 
in which an outer layer about one-fourth of an inch thick of healthy 
sapwood remained, were brought to me in a fresh condition in 
February, 1910. 

“Transverse sections from different portions of these branches 
under the microscope showed the ducts in the uncolored sapwood free 
from obstruction and the cells of the medullary rays stored with starch. 
In the most highly colored zone, just between the healthy and the 
affected wood, the ducts were found to be filled with a yellowish or 
brownish gummy substance, insoluble in cold water and dilute solution 
of caustic potash. Toward the center of the branch this gummy 
material diminished in quantity quite rapidly but was not entirely lack- 
ing. In the colored area the medullary ray cells still contained in 
some instances a little starch but in most cases they were partly filled 
with brownish granules and globules of substances remaining or arising 
from the disorganization of the cell contents. It is evidently 
from these sells that the gummy matter has found its way into the 
ducts. This is shown by the fact that this material appears in a 
duct first on the side next to the nearest medullary ray cells.” 

} In regard to the varieties affected I have seen this bleeding 
in the Jonathan more often than in any other, but it’ is not confined 
to this variety. I have also seen it in the Missouri Pippin, in the 
Spitzenberg and other varieties. 

The facts seem to me to point to the action of arsenic in con- 
unction with lime rather than to the action of either alone as the 
cause of this trouble. 
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Systemic Arsenical Poisoning. 


What I have said concerning the action of arsenic and lime migh 
properly, perhaps, have been put under this head, but I have choset 
to treat it by itself because it is so pronounced a feature that it is no 
possible to overlook it and it will be more easily recognized by thos 
familiar with it than if it were included uncer this caption. 


While there is no single feature in the cases of the trees remaining 
to be described which may be taken, as the destroyed bark of the 
crowns and roots in the first, or the deposition of an incrustation or 
the surface of the wounds or on the bark in the second case, as guiding 
features, we have some which force themselves on our attention 
one is a reddish yellow color of the bark, especially of the limbs, an 
other is the lack of thriftiness. The former is not, in my opinion 
specifically diagnostic of arsenical poisoning but rather of malnutri 
tion, itself a result possibly of the arsenic. 

I have seen this color in an orchard which I am convinced 1 
suffering more from other causes than from arsenic, though it maj 
have contributed some in bringing about the bad condition of the 
orchard. As I shall not refer to this orchard again, I may describe 
briefly some of its more marked features. This orchard, in the 
spring of the year, is a very marked feature of that section of the 
country because of its abnormal color. There are but few or no signs 
of corrosion. A large number of these trees were pulled up in the 
late winter and spring of 1909. The ends of one half of the roots 
this is the estimate of the man who pulled them up and not mine 
were found to be rotted off. Some of the remaining trees were pul- 
led up and a few of the roots were found to be in this condition 
It is my opinion that the color of this orchard is mostly due to starvatior 
but this forms a part of another study, and is mentioned to dissipate 
any idea that some might get that this reddish color is diagnostic 
of arsenical poisoning. This color is not due to sunburning. I have 
considered this, but there are some facts very hard to explain on thi: 
theory, for instance this color is only a little more intense on the 
south side of the limb than on the north side and all of the trees of ar 
orchard may show this color. ; 


Almost any tree in some of these orchards might be u-ed as an 
example to illustrate and introduce the discussion of systemic arsenical 
poisoning. 

I have stated that the subject of the action of lime and arsenic 
might have been included under this caption and the first example 
is a Jonathan; the tree is small for its age, about 14 years old, the 
bark is somewhat yellowish and it represents a case of moderate 
bleeding. The deposit formed is rich in arsenic. I cut eff a limb 
of the tree; the interior portion of it was strongly discolored, the dis- 
coloration was not confined to the annual rings. An examination 
of this wood showed the presence of arsenic. Both of the preced- 
ing tests were repeated with a confirmation of the results. The 
crown of this tree is not corroded. We evidently have in this case 
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an instance in which both the lime and arsenic are present and it is 
difficult to judge whether the arsenic, independent of the lime, is the 
cause of the bad condition of the tree. 

The next case is that of a Spitzenberg. The tree was small for its 
age, crown was good, bark very yellow, foliage during the preced- 
ing season small, scanty and of a bad color throughout the season 
and ripened too early. This tree was dug up in the spring of 1909 
because of its bad condition. The wood from the center of the tree 
outward for nearly an inch was brown but not deeply colored as the 
Johathan just described. This tree showed no bleeding. A limb of 
this tree was taken for examination and the woody tissue showed as 
strong a mirror as some of the trees which had corroded crowns. 
The mirror was weighed and corresponded to 2.19 parts arsenic 
acid per million of wood. 

The soil sampled to the depth of one foot at the point where the 
tree had been pulled up showed the presence of 138 parts of arsenic 
acid per million of soil. This soil also showed that there was 
1.345 parts of arsenic acid per million of soil soluble in cold water. 

In investigating further it has been shown that the leaves of ap- 
ple trees which had, during previous years, been regularly sprayed 
from two to four times, but had not been sprayed this year, contained 
arsenic equivalent to 2.628 parts of arsenic acid per million parts of the 
dried leaves. 

I have examined a number of samples of apples and pears from 
Colorado and other states, namely, from California, Michigan, New 
York, Pennsylvania, Ohio and Illinois, and found them all to con- 
tain arsenic. Some of these samples were bought in market, 
but for others I am indebted to the officers of the respective Ex- 
periment Stations and it is a pleasure to acknowledge my obligations 
to them. I may state in this connection that the above fact is not the 
only one indicating that other states where spraying has been dil- 
igently practiced are suffering as we are but not to the same extent. 

I have stated above that the fruit of seven states, as found up- 
on the market or furnished me by their Experiment Stations, contain 
arsenic. I have weighed and calculated the arsenic as arsenic acid in 
a few cases, and the results are per million parts of fresh apples as 
follows: 0.51, 0.68. 2.20, 0.52, of pears 0.52. The total number of 
samples of fruit examined is twelve. These were either known to 
have been grown on sprayed trees or supposed to have been. It is 
possible that the sample showing 2.3 parts per million ought to be 
left out of consideration but I know of no reason why it should be 
except that it is very much higher than the other results. These 
samples were washed and pared and the calyx cup and ovary cut 
out; no greater care than this could be exercised to avoid getting any 
spray material into the sample. I further met this possible error 
by obtaining fruit from trees not sprayed this year and I found 
that this, too, contained arsenic. 

As the ability of the tree to take up arsenic from the soil is 
an important factor in systemic poisoning, I have endeavored to 
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ascertain whether trees which had never been sprayed take up arsenic. 
We have presented several cases in which the application of sodic 
arsenite to the soil, within the feeding area of the roots, was followed 
by the almost immediate taking up of the, arsenic and death of a por- 
tion or the whole of the tree. “I have mentioned in all eight instances 
of this sort, one instance of an apple tree within a few feet of which 
the spray tank containing arsenate of lead was emptied followed by 
the death of one limb of the tree, and further the case of the elm tree 
has been given somewhat fully. It wouid seem that these cases would 
suffice to prove that trees will take up enough arsenic from the soil 
to injure them, even when the arsenic has been applied in a dif- 
ficultly soluble form, as in the cases of one apple tree and that of 
the elm tree. To add to the force of these samples, I have examined 
peach trees which had not been sprayed but which were growing 
in land already rich in arsenic and these too contained arsenic though 
two of them were only five years old. The elm tree and the peach 
trees could not have gotten the arsenic except through the activity of 
the roots. If further proof is needed the presence of arsenic in the 
juices forced out of a fresh wound and in the leaves and fruit which 
had never received any spraying certainly indicate that the arsenic 
is carried with the sap of the tree. It can certainly make no differ- 
ence whether the arsenic is originally in the soil or has been. added, 
but the proofs are rot wanting that this arsenic comes from the spray 
materials put upon the soil for it is associated in many cases with both 
lead and copper, as much as 0.003 per cent of lead having been found 
in one sample. These facts establish this, i. e., that the trees do take 
up arsenic from the soil together with lead and copper. 


One of the effects of the arsenic on these injured or partially 
killed trees is to stunt them. This is especially noticeable in those 
parts which we know to have been affected by sodic arsenite. 

Other causes for the unhealthy condition of these trees, their 
smal] size, the unn-tural color of their bark, the early yellowing of the 
leaves, the small size and exceedingly high color of the fruit, have 
suggested themselves. Among these are insect injuries, atmospheric 
conditions, soils, etc. 

We can, I think. dismiss insect injuries, these having been care- 
fully watched for and guarded against, and also atmospheric agencies, 
including smoke, electricity, etc.. and turn our attention to the soil 
conditions. The average depth of the soil is stated to be from three 
to three and one-half feet. I think that this is too high for the 
whole apple orchard, but if the soil is two and one-half feet deep it is 
quite sufficient for the sustenance of healthy apple trees. - There is, 
however, scarcely a healthy apple tree in the orchard or at most only 
a few of them. 

Whatever our views may be regarding the injurious properties of 
alkalis we cannot satisfactorily explain the trouble on the theory that 
they are injuring the trees, for the total water soluble portion of the 
soil amounts only to 0.22 of one per cent, whereas we have healthy 
orchards in soil containing a much larger quantity of alkalis than this. 
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There can be no question of seepage for this is as high as any 
land in the neighborhood and there is no source from which seepage 
can come. 

There can be no question of ground water for it is necessary to 
sink wells to a depth of seventy-five feet to obtain water. On the 
other hand there can be no question regarding the supply of good irri- 
gation water for this is abundant. 

This orchard has received intelligent care, neither has labor nor 
money been spared to make it a good orchard. 

These considerations eliminate the questions of neglect, seepage, 
alkali, the lack of water or the irrational use of it as agencies in pro- 
ducing the present conditions, but they do not eliminate the question 
of an unfertile soil. If it were not that I know that some very 
competent persons consider this point seriously as the possible cause 
in this case I would not discuss it. 


Personally, I have but little confidence in the results of a soil 
analysis as criteria whereby to judge of the fertility of our soils. 
An analysis may have some value, especially if it shows an absolute 
deficiency in some of those elements which we have found to be 
essential to the development of plants. 

The following analysis, made to answer, if possible, the question 
in regard to the lack of plant food in this soil, shows its composition: 


ANALYSIS OF AN ORCHARD SOIL. 
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(Chayoree See AE ore nie MEP ERURIC Con oo a iG aOR earn eer 0.0058 
TLASENG I Sire Se ey of RRC RRC REIEIRET clas inn Oo URES IOnS CLI meas 0.0009 


According to this analysis we have an abundant supply of potash, 
a fair supply of phosphoric acid, more than an average supply of 
nitrogen for our soils and no possible deficiency except it be of chlorin, 
which is apparently absent; an aqueous extract of the soil, 25 
grams, gives a faint reaction for chlorin, which simply means that 
it is present in very small quantities. This sample represents the 
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surface foot of soil taken at the place from which a dead tree had been 
removed. The determination of the water soluble portion, 0.22 
per cent: does not indicate an excess of soluble salts. The history 
of this land shows that it is productive. A portion of it was at one 
time used as a vegetable or truck garden and produced well. The 
suggestion that the truck garden might have been heavily fertilized 
and thus forced into productiveness suggested itself at once and | 
urged it. ‘The answer was the trees then should show where the truck 
garden was but they are neither better nor worse than in other portions 
adjacent to it. 


We have no proof that starvation due to the infertility of the 
soil does in any measure account for the present conditions of the 
tkees; 


Another question somewhat more serious than the preceding 
is in regard to the presence of other poisonous substances besides 
those of the spray materials. This includes lead and copper. 
There is only one present which might possibly exercise a deleterious 
influence and that is lime. I have pointed out elsewhere that apple 
trees do well in limestone soils, at least they do not show the distress 
exhibited by the trees under consideration. We have no justification 
in fact, so far as | know, for assuming that lime as carbonate is in- 
jurious to apple trees and still less ground to assume that lime as a 
silicate is injurious, but a casual inspection of our analysis shows 
that the lime was probably present in both of these forms and possibly 
to a slight extent as sulphate. 

So far neither the analysis of the soil nor the information re- 
ceived in regard to the garden crops grown give us the least reason 
for attributing the condition of the orchard to the infertility of the soil 
nor to any poisonous substances other than the spray materials or 
possibly to the simultaneous action of arsenic and lime, as has been 
pointed out under the latter subject. 

The depth of the soil has been stated as given to me, but I doubt 
whether the soil is quite so deep as three to three and a half feet. 
I dug down to the bottom of the soil at some points and found it 
about two feet and then a marly subsoil. 

I think it safe to assume that there is not lime enough in the soil 
to do any harm; further, I think it safe to assume that the denth 
of the soil is amply sufficient to grow healthy trees, provided that 
the subsoil is not in some way injurious. 

I have tried to find out what is probably the greatest depth at 
which our apple trees feed, and judging by the depth at which I have 
found the fibrous roots under what I considered the most favorable 
conditions I would judge that depth not to exceed two and one-half 
feet. This depth of soil, then, would ordinarily be ample and I believe 
itis. If this be correct, the character of the subsoil lying below 
this depth, provided it was pervious to water, would probably not be 
of as great importance as we, at first glance, might think, for even 
if it contains arsenic, and I have strong reasons for believing that it 
does, this arsenic is at best difficulty soluble in water and lies below 
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the feeding ground of the trees. The question is an entirely different 
one when the subsoil is within 8 or 12 inches of the surface or 
the material constituting the subsoil is mixed with the soil to such an 
extent that it constitutes more than an eighth of the soil, as we some- 
times find to be the case. We have in the analysis of this soil 1.739 
per cent. of carbonic acid (CO.) enough only to form a little less than 
4 per cent. of calcic carbonate. This leaves a slight excess of lime 
to combine with the other acids. I have assumed this form of lime to 
exist in the soil as I take it that this is probably the most injurious 
form of lime usually met with in soils to which no-arsenite of lime 
has been added or in which this salt does not exist. We do not 
positively know that carbonate of lime in such quantities is in the 
least injurious. 


The trees in this orchard are sick. A few of the trees have 
corroded crowns. This feature is on the increase. Some trees 
have already been killed. There are some cases of bleeding and the 
deposits, like the others of this kind, are rich in arsenic and lime. 

The trees not affected in either of these ways are small for their 
age and are not thrifty though the crowns are perfect. These trees 
have not suffered from fungi or insects or blight. There is no ex- 
cessive water, nor is the soil in such condition as to produce suffocation. 
Neither Prof. Paddock nor Prof. Whipple was able to detect any 
cause for the condition of the orchard and _ tentatively suggested 
that it might be due to starvation. The small size of the trees, the 
color of their bark and the small annual growth justify 
the general conclusion that the trees lack in proper nutrition, but 
this does not explain whether this lack is due to an insufficient sup- 
ply of food in the soil or an inability on the part of the tree to take up 
and assimilate the food. In so far as an analysis gives us any adequate 
information on this subject, this soil is fairly well provided with the 
various elements of plant food and if the trees are starving it is not 
because the supply of food within the reach of their roots is inad- 
equate but because of some other reason. I believe that the trouble 
is due to the action of arsenic, either alone or in conjunction with the 
lime. This orchard has been well cared for and diligently sprayed 
for a number of years, using at first Paris green, next, lime, sal soda 
and arsenic, and of late years arsenate of lead. 


I have shown that the soil, especially about the trees, is very 
rich in arsenic, as much as 138 parts arsenic acid per million of soil 
being present; also that distilled water dissolves out of this soil about 
1.34 parts of arsenic acid. The rest of the soil is certainly heavily 
charged with arsenic, the sprayings having been frequent and heavy, 
placing it within reach of the feeding roots of the trees. That the 
trees may take up enough arsenic in this manner to do them injury is 
shown by the case of the elm tree and others which have been cited 
and there are still others which might have been mentioned. In ad- 
dition we have two very significant facts, first that the trees are sick, 
second, that the wood of these trees contains arsenic, the one in which it 
_ was determined 2.19 parts per million of woody tissue, as much as is 
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usually found in other dying trees. In cases where arsenic is known 
to have been the cause of injury one of its effects has been to check 
the growth of the affected parts, in fact to almost prohibit it. These 
trees are small for their age, and make but little annual growth. , All 
of the observed difficulties may be caused by arsenic and we find 
no other causes to which we can with any degree of reasonableness 
attribute the difficulty. We therefore conclude that systemic arsen- 
ical poisoning is very probably the cause of the unhealthy condition 
of these trees and in some cases of their death. 

It is difficult to tell what part, if any, the lime may be playing 
in producing this specific trouble. I have stated that while it is well 
known: that apple trees do well in limestone soils and that lime in the 
soil as carbonate of lime, this is the composition of our marls, is not 
per se injurious to the apple tree, yet the composition of the deposits 
formed by the bleeding described in Bulletin 131, and again in this, 
indicates strongly that lime, in some way, participates in producing 
it. Leaky spots in trees do not ordinarily, so far as my observation goes, 
give rise to such incrustations or form stalactites as we find on these 
apple trees. I have been unable to find an analysis of the ash of the 
apple tree juice and I have been unable to collect the juice in order to 
make one myself. I have, then, no data pertaining to this subject 
to serve for comparisons and can only present the facts. 

In default of any knowledge concerning the composition of the 
juice of the apple tree, the best available subject from which to ob- 
tain some light would appear to be the ash of the wood on which there 
seems to be almost no data. I was able to find but one analysis of 
the ash of this wood and that is an old one, quoted by Adolph Mayer 
from the compilation of E. Wolf. ‘This analysis shows the presence 
of over 36 per cent of silicic acid and can scarcely be considered as 
a typical ash. Dr. E. W. Allen was kind enough to call my atten- 
tion to the analyses of apple tree ashes published in the report of the 
Director of the New York Experiment Station for 1891, page 164. 

The trees subjected to investigation were young trees. The 
object in view was to determine the amount and character of the 
mineral constituents of plant food removed by nursery stock. The 
trees were probably not more than three or at most four years old. 
The trees discussed in this bulletin are of various ages, mostly from 
fourteen to eighteen years old. | While I know nothing about the in- 
fluence of the age of the tree upon the amount of ash in the wood and 
its composition, I will use these analyses for comparison for I have 


no others. Again the influence of the soil is a question which must | 
be passed over. Another unavoidable condition which may affect the — 


results is the necessity which compelled me to use small limbs one 


and a half to two inches in diameter to represent the living trees — 


whereas I cut off a limb fully five inches in diameter at the trunk 
of the tree to represent the dead one. ‘These are all weaknesses in 
our data but these data are the only available ones. 


The soil in which two of the Colorado trees grew is represented 


by the analysis given under the caption “Analysis of a Mai 


| 
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Soil.” The third tree grew in a sandy loam, an alluvial soil, along 
the Gunnison river. ‘The lime dissolved out of this soil by acetic 
acid was equivalent to 3.547 per cent of calcic carbonate. ‘The sub- 
soil is sandy and there is no marl present in the sense that we speak 
of its occurring in and beneath the mesa soils. . In the former case, that 
of the soil in which the two trees grew, there is more 
than nineteen per cent of calcic carbonate and a_ still more 
mariy subsoil, as against 3.5 per cent calcic carbonate and a sandy 
subsoil in the latter case. This is as marked a contrast in the char- 
acter of the soils as’is likely to be found in any county in Colorado, 
waste lands excepted. The localities from which they were taken 
are about four miles apart, so that the general conditions, climate, etc., 
are comparable. ‘The trees-taken for examination are of the same 
variety, the Jonathan. This variety was chosen ‘because it seems to 
be the one which is most subject to these troubles, { 

The results of an examination of the quantity and composition 
of apple tree ashes given in the Report of the Director of the New 
York Station, Geneva, 1891, are as follows, taking the average for 
three varieties, Haas, Golden Sweet and Hurlburt: 


Branches Trunks Roots 

Silicic acid 2.30 3.65 26.74 
Phosphoric acid 5.89 4.94 7.11 
Chlorin 0.68 0.43 0.37 
Sulfuric acid 3.18 4.19 4.17 
Carbonic acid 28.23 28.65 10.12 
Ferric oxid 0.21 0.00 3.36 
Calcic ox d (lime) 41.04 43.76 28.39 
Magnesic oxid 6.99 6-38 8.17 
Sodic oxid 4.86 2.57 5,28 
Potassic oxid iar 5.43 5.76 
99.99 100.00 100.01 


The percentage of ash in these trees was as follows: in the 
Hulburt 1.6, in the Haas 1.8 and in the Golden Sweet 1.2 per cent. 
It was not feasible for us to obtain wood from the trunks of 


bearing trees. I had to content myself with the heaviest wood re- 


moved in pruning. This was branches varying from one and a half 
to two inches in diameter. In the case of a dead tree J took a large 
branch, at least five inches in diameter where I cut it from the trunk 
of the tree. These samples were taken on the roth of February, 


igto. The percentages of ash in the samples as received at the lab- 


oratory without drying were as follows. dead tree 0.9604 per cent; 


living trees on marly soil, 2.00 per cent; and living trees on sandy 


loam on river bottom, 1.17 per cent. The dead tree had died during 


the early part of the preceding autumn. There were many leaves 


and nearly if not quite full grown apples still hanging on the tree. 
There were other trees of the same variety and in the next row 


presenting the same conditions. These conditions are mentioned 
because the ash constituents of the wood, such of them as are soluble, 


may have been used up in the effort of the tree to mature the crop of 


} fruit. There is no way of telling how long the tree had been draw- 
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ing on this source of supply. The end result is all that we can 
definitely establish and this shows the presence of 0.926 per cent 
of ash. The trees growing on the river bottom, sandy loam soil, 
appear to be perfectly healthy. *The growth is vigorous and the 
bark has a normal color. There are almost no signs of unhealth- 
iness in this orchard that I saw or to which my attention was 
called. The orchard had been sprayed but not as regularly and 
persistently as the preceding one. The living trees from the pre- 
ceding orchard are certainly more nearly comparable to these trees 
than the dead tree is because they are living trees and because the 
parts of the trees were of the same size and approximately of the 
same age. We: find that .the  limbs;. of . the | trees 
growing on marly soil contain 2.00 per cent of ash while 
thuse growing on the sandy loam carry only 1.17 per cent. The 
average percentage of ash in the young trees grown at Geneva, 
N. Y., is 1.55 while the percentage in Colorado trees assumed to be 
normal is 1.17 per cent. The dead tree grown on marly soil con- 
tains a less percentage and the living tree a larger pencentage of 
ash than either the New York trees or the Colorado trees grown 
on a sandy loam soil. The New York trees were taken for ex- 
amination early in the spring before the buds were well developed. 
They ought, therefore, to be comparable in this respect. 

We see that the living trees on the marly soil contain 1.7 times 
as much ash as the trees growing on the sandy loam and 1.3 times 
as much as the young trees grown in New York. I have separated 
the bark from the wood and the statements of my further results 
are not directly comparable. 


Wood of the dead tree, marly soil, 6464 grams, percentage of 
ash, 0.453, amount of ash obtained 29.28 grams. Bark from the 
wood of the dead tree, 624 grams, percentage of ash, 7.854, amount 
of ash obtained 49.00 grams. The percentage of ash in the bark is 
17.3 times as great as in the wood. The percentage of insoluble 
ash in the bark is 18.35 times and that of the soluble ash 11.6 times 
as great as in the wood. 


Wood of living trees, marly soil, 8760 grams, percentage of 
ash 0.539, bark 1516 grams, percentage of ash 10.452. Amount 
of ash obtained from wood, 47.22 grams, from bark 158.45 grams. The 
percentage of ash in the bark is 19.39 times that in the wood; that 
of the insoluble ash in the bark is 28.4 times and that of the soluble 
ash 6.5 times that of the wood. 

Wood of healthy trees, sandy loam, 6794 grams, percentage 
of ash 0.389, amount of ash obtained 26.34 grams, bark 878 grams, 
percentage of ash 7.21, amount of ash 63.30 grams. ‘The percent- 
age of ash in the bark is 18.53 times that in the wood; -that of the 
insoluble ash 24.93 times, and that of the soluble ash 6.18 times as 
great .as that in the wood. 

A comparison between the quantities of ash in the living trees 
from the marly soil and in those growing in a sandy loam shows a 
decidedly higher percentage, both in the wood and bark in the former 
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case than in the latter. The composition of these ashes is even more 
striking than their quantities. ‘The.ashes were prepared with great 
care and yet there was water present in some of them and there is a 
deficiency of carbonic acid. One of the samples was analyzed four 
times to be sure that no mistake had been made, the excess of bases 
and the presence of water could not be altered. The ashes had been 
treated with a solution of ammonic carbonate and subsequently heat- 
ed to 210° C. with the addition of dry ammonic carbonate. The car- 
bon, sand, and water have been deducted and the analyses stated on 
the basis of 100. 


Living tree L ving tree Dead tree, 

Sandy Loam Matly soil Mary soil 
Wood Bark Wood Bark Wood Bark 
Dilicie acid’. 0.837 0.944 0.807 0.774 0.604 0.552 
Phosphoric acid.. 5.004 3.170 4.524 T.500 eealezda) 1.234 
Chlorine... 0. brace 0.195 Trace Trace 0.406 0.135 
Sulfuric acd) <2. 204). 1a 8C4 0.554 1.821 0.449 1.474 0.396 
Carbonic acid ... 20.549 36.615 33.826 35.407 34.970 39.395 
ies gKes Vs cere Oa iene 26.000 49.141 B35 02061 54.320 41.204 53.607 
Magnesia ....... 9.280 3.189 7.574 1.408 8.073 i 125 
[IRGchiey Oxide ner ets 0.105 0.212 0.199 0.184 0.130 0.182 
Manganic oxid ... 0.147 0.101 0.143 0.175 0.149 0.127 
Potala hay asaya. 26.621 5.264 14.298 5.200 4,999 1.750 


SO Ge Waar. oe 2 0474 0.615 0.885 0.523 4.761 1.407 


100.000 I00.000 Ioo0.000 100.000 100.000 100.000 


As already intimated we do not know whether any of these 
analyses can justly be considered as representing the quantity and 
composition of the ash of a perfectly normal apple tree. The New 
York trees were young and the bark and wood were evidently taken 
together. The object that that station had in view did not require 
_the examination of these parts separately. 


We have seen that the limbs of the Jonathan trees growing on a 
marly soil contain 2.00 per cent of ash whereas the limbs of trees 
growing on a sandy loam, the bark included in both cases, contain 
only 1.17 per cent. We notice further that the wood of the trees 
growing on the marly soil is high in lime and low in potash compared 
with that grown on the sandy loam, the ash of the former contains 
36 while the latter contained 26 per cent of lime; in regard to the potash 

the relative quantities are reserved, i. e., the ash of the former 
contains 14.3, that of the latter 26.6 per cent. The phosphoric acid 
_of these ashes is much more nearly equal, 4.5 per cent in the wood grown 
on marly soil and 5.00 per cent in that of wood grown on a sandy loam. 
Wefind that the ashes of the barks also vary, that of the trees growing on 
the marly soil being very rich in lime, 54.3 per cent, while ‘that of the 
trees grown on sandy loam contains 48. 2 percent. The phosphoric 
acid is twice as great in the ash of the bark from trees grown on sanay 
loam as on the marly soil. ‘The results obtaiied for ‘the quantity of 
ash present in the wood and bark of the dead tree and its composition 
seem to show mostly the extent to which the tree used up its ash 
constituents in dyirig. 

The analyses of the ashes given in the New York report are of 
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young trees which may make some difference, but they are similar 
to ours only in containing a high percentage of lime. The potash in 
them is only a few tenths of one per cent higher than we find in the ash 
of our dead tree. I have no analysis of the Geneva soils though some 
were published in Bulletin 56, old Series. 

The effect of the marly soil seems to be to increase the percent- 
age of ash in the wood and bark, to lower the percentage 
of potash present and to increase that of the lime. This marly soil 
has been sprayed regularly and heavily. The results. give no con- 
clusive answer to the question had in mind when the work was un- 
dertaken, but the followirig facts present themselves. The trees 
grown on the sandy loam are thrifty and healthy so far as we are able 
to judge. The trees on the marly soil on the other hand are not 
thrifty. We find no bleeding in the case of the trees on the sandy 
loam while it is quite common in the trees on marly soils. The ash 
of the trees grown on the sandy loam contains much less lime and 
more potash than that of trees grown on marly soil. The deposits 
made by exuding juices of the bleeding trees contain 25.0 per cent. 
of lime and 4g parts of arsenic acid per million. These facts perhaps 
may not amount to satisfactory proof to some but they certainly point 
directly to either the lime or the arsenic or to their joint action as the 
cause of the unhealthy condition of the trees. As lime alone has 
not been observed to produce these results, confined almost ex- 
clusively to these marly soils, we are justified in attributing the 
trouble to their joint action. 


I cut off the, limb of a Jonathan tree on the 8th of April and on 
the 12th of May I removed’ 2.2 grams of a deposit. The aqueous so- 
lution of this deposit gave a very satisfactory test for arsenic. 
The trunk through which the juice had to pass was very short and 
the arsenic could scarcely have been gathered from the woody tis- 
sues of the tree. The elm root, taken at least six feet from the trunk, 
was quite rich in arsenic. No doubt can reasonably be entertained but 
that this arsenic and also the lime had been gathered by the roots. 
The cases mentioned are by no means isolated ones. In some 
orchards cases of bleeding are numerous and severe, in others they 
may be absent. The orchards in which this occurs usually have a 
marly subsoil at a shallow depth. This bleeding is not confined to 
wounds made by trimming but frequently takes place from cracks in 
the bark as previously described. Some instances of this are met 
with in many of the orchards to which reference has been made. 

Healthy trees do not bleed in this manner and their juices do- not 
form such deposits. Trees killed by irritant arsenical poisoning do 
not bleed in this manner, nor have I seen any deposit of this sort on 
trees injured by arsenic accidentally applied to them. This condition 
is not attributable to arsenical poisoning alone. This deposit is, 
however, rich in arsenic and lime and I infer from these facts that we 
have in these cases a systemic poisoning by lime and arsenic. 

It has been observed by orchardists that certain shallow soils 
underlaid by marl produce a yellowing of the leaves on apple trees; 
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this has been attributed to the lime. I have held in these cases that 
it was starvation rather than poisoning but this cannot be admitted 
in the case of the soil, an analysis of which has been given on a preced- 
ing page, without denying the evidence of this analysis and the actual 
productiveness of the soil. 

I have intentionally permitted these two subjects, the systemic 
poisoning by arsenic and the effects of lime, to merge into this 
broader form, because I believe that this form of the trouble is pri- 
marily due to arsenical poisoning modified by the presence of lime 
which exists in the soil in large quantities in the form of calcic car- 
bonate and often forms, beneath the soil proper, a layer from two or 
three inches to two or more feet in thickness. 

I have shown on a previous page that these limey, virgin soils 
and also these marls contain arsenic, about one-tenth as much as the 
average orchard soil examined. 

To restate the case briefly. We have well cared for trees 
-which are extremely small for their age. Their general condition is 
bad; some of the trees have died, these trees had no disease of the 
crown or roots and were not suffering from any recognizable, known 
disease; the wood is stained a light brown, an effect produced ‘by 
arsenic; they make but little growth, another effect produced by 
arsenic; arsenic is present in the woody tissues of these trees and 
even in their fruit. Some of the trees have corroded crowns, a suf- 
ficient cause to account for the death of the particular trees. These 
cases are not considered in this place. It will be recalled that in dis- 
cussing irritant arsenical poisoning I pointed out that some of the 
arsenic found was probably gathered by the roots. Some of the 
trees show the splitting of the bark and bleeding, forming deposits 
rich in arsenic and lime. 

The arsenic is gathered from the soil by the roots as is shown by 
the peach trees and also by the elm which were never sprayed. This 
fact is again shown by the presence of arsenic in the fruit and leaves 
grown on trees which have not been sprayed this year. This arsenic is 
evidently carried to the leaves and the fruit from the soil by the solu- 
tions passing through the tree. The final question is how much arsenic 
can a tree tolerate and how long can it endure the amount that the 
roots gather and pass into the tree. These are questions to be solved. I 
am convinced that many trees have already reached the limit of their 
endurance and that this is the cause of their bad condition. I said in 
Bulletin 131, in reference to this subject of systemic poisoning and 
the action of lime as distinct from irritant arsenical poisoning, 
“These trees do not present the symptoms described for arsenical 
poisoning, though arsenic is very abundant. * * * These soils 
are marly or have a subsoil of this material and the presence of 25 
per cent of lime in the dried sap seems to me to be a very suggestive 
fact.” 

I add to this that the presence of arsenic in these soils equivalent 
to from 26 to 138 parts of arsenic acid per million of soil, and of arse- 
nic equivalent to 49 parts of this acid to each million parts of this dried 
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juice are more suggestive and that the presence of arsenic in leaves 
which have received no application of spray equivalent to 2.19 parts 
of arsenic acid per million of dried leaves and in the fruit equivalent 
to from 0.51 to 2.3 parts of arsenic acid per million of fresh fruit, are 
still more suggestive, if not satisfactorily conclusive, that systemic 
arsenical poisoning is really the cause of the small size, the bleeding 
and the death of some of our fruit trees. 


Before I state the conclusions of this bulletin it is proper that 
I should express my appreciation of the helpful, kindly interest and 
willing assistance rendered me by the officers and others connected 
with this station and also to officers of other stations and states. 


Throughout Bulletin 131 1 tried to make it as plain as language 
could possibly make it that I fully appreciated the fact that the subject 
matter of the bulletin was of the most serious character and of very 
great importance. I told the public that my colleagues had urged 
me to take up the investigation and used this language: ‘These 
statements are not made to devolve any responsibility upon these 
professors, but to show that this view has not been hidden from the peo- 
ple or my colleagues and the presentation of this bulletin is not a hasty 
resolve or a thing done without a very keen appreciation of its import- 
ance not only to the orchardists of Colorado, but to all orchardists.” 
The same is true in regard to this bulletin. 

It is true that the presence of arsenic in apples from California, 
Michigan, New York, Pennsylvania, Ohio, [llinois, and Colorado 
show that fruit grown on sprayed trees contains arsenic and further 
that this is a general fact, but there is no reason at all for alarm for 
either the health or life of persons eating such pears or apples. Two 
of my assistants and I have tried it, one of us eating nearly 
eight pounds of apples by weight, in twelve hours. The apples from 
Illinois, Ohio, and New York were just as rich in arsenic as those 
from California or Colorado. I repeat that so far as the public is 
concerned there is no reason at all for the least concern. At pres- 
ent it seems possible that we may use the sulfid of arsenic with 


less danger than accompanies the use of lead arsenate and we will cer- 
tainly use very much less arsenic than in the past. It has 
been demonstrated that if everybody will give his orchard one thor- 
ough spray at the time now recommended, using one or one and 
one-fourth pounds of pasty lead arsenate to fifty gallons of water, 
four to four and one-half pounds to the 200 gallon tank, we will have 
fairly clean apples. The preceding statement applies only under favor- 
abe conditions. There can be no doubt but that excellent results have 
been and may be obtained from one spray but there are conditions under 
which one spray will not suffice to supress the injury by the codling 
moth even to a reasonable limit. It seems that the first brood may be so 
long in making its appearance that one may find unhatched eggs and 
pupated specimens representing the first brood on the same date. 


Crt 
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The growing apples present a comparatively large amount of sur- 
face entirely free from the arsenate of lead and consequently not pro- 
tected against the attack of late hatching individuals. These are not 
theoretical considerations but facts as they have been observed in the or- 
chard were may be found, in some sections, many apples which the 
worms of the first brood have entered from the side. In such cases 
one spraying would mean a wormy crop. On the other hand the re- 
sults obtained with one spraying have been excellent, especially in cases 
where the orchard was not subjected to subsequent infection from adja- 
cent, unsprayed, or very poorly sprayed orchards. 


Summary 


While many trees, both apple and pear, have been damaged, even kill- 
ed, by the action of arsenic collected about the crown or collar of the tree, 
other causes of death are not excluded. It is shown in Bulletin 155 that 
nitre in the soil may kill apple trees, but the crowns and roots are not at- 
tacked by this agent as they are by arsenic. 

The total number of trees affected is large. It is seldom that more 
than a few affected trees occur together, usually they occur singly, scatter- 
ed throughout the orchard. 

Trees killed by nitre usually occur in blocks, sometimes only a few 
trees, 12 to 20, but in other instances they occur by the acre. 

The arsenical preparations used for spraying are supposed to be in- 
soluble in water, this is not correct. Well washed arsenate of lead will 
yield arsenic acid to pure water, about, 0.3 per cent. of its dry weight. 

The addition of sodic sulfate, sodic chlorid or sodic carbonate, even 
in small quantities, to the water materially increases the amount dissolved. 
This is especially true of the sodic chlorid and sodic carbonate 

In Bulletin 131, I attached considerable weight to the action of these 
alkali salts which are present in all of the soils of the semi-arid regions 
in a greater measure than in the soils of some other sections. I do not doubt 
but that they have some influence upon the solubility of the arsenical com- 
pounds, but as much as 1.38 parts of arsenic acid per million soluble in 
water has been found when the total water-soluble portion amounted to 
only 0.22 per cent. of the air dried soil. Again I have found weighable 
quantities of water soluble arsenic in soils which were free from alkali. 
The alkalis in our soils may increase but they are not the only cause of the 
solubility of the arsenic. 

Three forms of this trouble are recognized, corrosive arsenical poison- 
ing, systemic arsenical poisoning and arsenic-lime poisoning. The last 
form is consdered as being produced by the joint action of lime and ar- 
senic, because we do not find this trouble present on limestone soils in 
general nor is it characterstic of arsenical poisoning produced by soluble 
arsenic preparations, sodic arsenite for example. 
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Corrosive arsenical poisoning attacks the tree at the crown, below 
the surface of the soil and usually involves the large roots also. The at- 
tack is from the outside and causes the disintegration of the bark, the 
cambium is not destroyed until the corrosion has perforated the bark 
which is not loosened. Pear and apple trees are affected; the pear tree 
is, at least, as susceptible to the action of the arsenic as the apple tree. 
Some varieties of pears, as well as apples, seem more susceptible than 
others, but this is true only in a general way. ‘The age of the tree at the 
time the first applications were made seems to have some effect upon the 
resisting power of the bark. ‘I‘he variety of soil may have some influence 
but it is not pronounced enough to be recognized with certainty. Very 
many, if not the greater part of our soils, contain arsenic. ‘This is true 
of our virgin soils as well as of our cultivated soils. Our orchard soils now 
contain from 10 to 28 times as much arsenic as our virgin soils. 

No other agency known to us produces the observed results, but arsenic 
when applied in soluble form produces similar effects quickly. 

The first sign of trouble in the apple tree is an early ripening of the 
leaves, at least, one year before the death of the tree; in pear trees the foil- 
age ripens early and assume a deep purple color. 

The amount of arsenic present in the destroyed bark and in the woody 
tissues of such trees is as great as in cases in which it is known that ar- 
senic was the cause of death. 

The trouble is very general throughout the state and occurs in all kinds 
of soils which fact eliminates the question of seepage and, to a large extent, 
that of alkalis. 

While the alkalis may in some instances be present in the soil in suf- 
feient quantities to produce a perceptible effect, we cannot, owing to the 
wide range of localities and the great variety of soils in which we meet 
the trouble attribute very great importance to their action. ‘Their pres- 
ence, however, in soils undoubtedly tends to make the arsenic more readily 
soluble. 

In the case of trees which have not been sprayed but which have been 
grown as fillers in sprayed orchards, the wood contained arsenic. ‘This 
is true, too, of young trees grown in soil which contains arsenic. ‘This 
shows that the arsenic may be and is taken up with the nitrient solutions. 
The fruit grown on such trees, apples and pears, contain arsenic and also 
the leaves. ‘The fruit and leaves grow and are shed each season this is not 
the case with the woody portions of the tree. 

Systemic poisoning is produced by this arsenic distributed throughout 
the tree, interfering with nutrition and growth of the tree and in some 
cases causing its death. 

The bleeding met with in trees on marly soils is probably due to the 
combined action of lime and arsenc. A study of the ash constituents con- 
tained in the wood of trees grown in marly soil and in a sandy loam 
shows a remarkable difference in the amount of ash, 2.00 per cent. against 
1.17 per cent. of the wood and a very much lower percentage of potash, 14.- 
298 per cent. against 26.621 per cent. of ash. ‘The deposit produced by 
this bleeding is very rich in arsenic as it contains 49 parts of arsenic acid 
per million of the dried deposit. 
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Out of twenty-one infected stems examined and plated at dif- 
ferent stages of the disease, thirteen gave pure cultures of this 
colony in the Petri dishes. In seventeen plates, it was the dominant 
colony. Platings from five different leaves gave pure cultures in 
three cases and in four out of five the above colony was the most 
abundant. In other words, pure cultures were obtained in 62 per 
cent of the original isolations and in 81 per cent this white colony 
was dominant. In two out of twenty-six isolations or in seven per 
cent, it was absent. Plates made from the moist or freshly dried 
exudate, as a rule, gave pure cultures of the same organism. 

An examination of the following notes, made in connection 
with some of the isolations, may be of interest in showing with 
what degree of purity the organism can be isolated from field 
material. 


Plates made from material collected at Gypsum, Colorado, May 
25, 1909. Plated in Nutrient Agar May 27, 1909. 

I. Petiole.—Culture pure; growth after 72 hours; culture picked 
up 6-1-09. Colony round, smooth, grayish white, glistening, slightly 
raised. Stained film preparation from four day old colony; short rods, 
medium thick, mostly single,. occasionally in twos, slightly curved and 
wedge shaped; stain readily with ordinary aqueous fuchsin. 

If. Leaf.—Culture pure; characteristic white colony; growth after 
72 hours; culture picked up 6-1-09. Colony and stained film same as 
Petiole above, 

Il. Stem Tissue—New Infection.—Culture pure; characteristic 
white colony; growth after 72 hours; culture picked up 6-1-09, Colony 
and stained film same as Petiole above. 

IV. Stem Tissue.—Culture pure; characteristic white colony; growth 
after 72 hours; culture picked up 6-1-09. Colony and stained film same 
as Petiole above. Orange colonies appeared on June 5th; picked these up. 

V. Stem Tissue—Black.—Culture mixed; growth after 48 hours; 
cultures picked up 6-1-09. Yellow colonies dominant; few white colonies 
which resemble those described from petiole. 

VI, Exudate Scale No. 1.—Culture pure; growth after 72 hours; 
culture picked up 6-1-09. Characteristic white colonies same as petiole 
but germs themselves seem shorter, less curved and wedge shaped. Later 
Observations have shown this germ to be the same as the petiole culture. 
; VII. Exudate Scale No. 2.—Culture pure; growth after 72 hours; 
culture picked up 6-1-09. Characteristic white colonies; germ same as 
that described from Hxudate No. 1. 


In all probability, all of the above characteristic white colonies 
were the same. Slight differences in staining seemed to make some 
_ difference in the size and shape of the organism itself. In every 
case the germ is a short, medium thick, motile rod with rounded 
ends and with a tendency to produce slightly curved forms which 

_ show granules on staining. : 

a Plates made from material collected from the Experimental 
Plats at Gypsum, Colorado, June 11, 1909, and plated June 14, in 

nutrient agar. Notes taken June 19, 1909. 
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I, Stem Yellow—Typical.—Plate pure; growth just visible after 48 
hours, good after 72 hours; culture picked up 6-19-09. Colony round, 
smooth, grayish white, glistening, slightly raised, margin entire to un- 
dulate. Stain: rods, short, moderately thick, rounded ends, many wedge 
shape and curved, 


Il. Stem Advanced.—Plate pure; white colony same as ‘‘stem yel- 
low’ above. Growth just visible after 48 hours, good after 72 hours. 
Stain: same as ‘‘stem yellow.’’ Culture picked up 6-19-09. 


lil. Stem Brown.—Plate pure; white colony same as above; growth 
and stain same; culture picked up 6-19-09. 


IV. Stem Green.—Plate contained the same white colony, but an 
orange colored colony dominated; this orange colony (1) previously 
shown not to be the cause of the trouble. No cuitures picked up. 


V. Stem Yellow No. 2.—Plate mixed; the same white colony domin- 
ated; there was also the above mentioned orange colony and a large 
vellow one found once before in earlier plates (2). No cultures picked up. 


VI. Stem Watery.—Plate pure; white colony same as above; growth 
visible after 48 hours, good after 72 hours. Stain: same as ‘‘stem yellow” 
above; short, curved rods, wedge shape and irregular, Cultures picked 
up 6-19-09. i 

VII. Single Stoma—Old Infection.—Plate pure; white colony and 
stain same as ‘‘stem yellow’’ above. Growth visible after 48 hours, good 
after 72 hours. Culture picked up 6-19-09. 


(1) Stem tissue—plates of May 27, 1909. 
(2) Stem tissue black—plates of May 27, 1909. 


VII. Stomata—New Infection.—Piate pure; white colony and stain 
same as ‘‘stem.yellow”’ above. Culture picked up 6-19-09. 


IX. Stomata—Black.—Plate pure; white colony and stain same as 
“stem yellow” above. Culture picked up 6-19-09. 


All of the cultures picked up from the dominant white colonies, 
present in all of the plates, have been shown to be one and the same 
organism and when inoculated onto alfalfa plants, all are capable 
of producing the disease. 

Inoculations have been made upon alfalfa plants, grown under 
greenhouse conditions, with the three different cultures which have 
. been isolated during this investigation, namely, the characteristic 
white one, the yellow and the orange, and the only one which has 
produced typical symptoms of the disease, in fact the only one which 
has produced any pathological condition whatever, is the dominant 
white colony referred to so frequently above. Cultures obtained 


from stem, leaf, petiole, or exudate, were equally pathogenic. . 


Detailed descriptions of this part of the work are given on page 24 
under ‘Greenhouse Experiments.” 

In order to establish further the fact, that this germ was the 
unmistakable cause of the trouble, an alfalfa plant was inoculated 
June 7, 1909 with our present stock culture of the causal organism, 
to which the name Pseudomonas medicaginis, n. sp. has been given, 
which was isolated from an infected stem May 27, 1909. By June 


19, typical symptoms had developed, and plates were made from. 


the yellowish green, watery tissue. On June 21, the Petri dishes 
showed a pure culture of the same white colony and the organism 
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was reisolated on an agar slant. When compared with the original 
- culture, the recovered organism was identical both in the hanging 
drop and when stained with aqueous fuchsin. The reisolated culture 
was again inoculated, June 25, by needle pricks into three different 
_ stems, and all of the inoculations gave positive results; the needle 
_ pricks showed a yellow, watery zone around the point of infection 
_ after nine days, and later turned black. When material from these 
_ diseased areas was examined microscopically, August 16, the same 
_ milky cloud appeared in the mount as has: been described for field 
_ material, and swarms of motile rods were visible. 


In all, one hundred and two inoculations have been made with 
this culture, introduced either by scraping the stem or by needle 
_ pricks, and positive results have been secured with one hundred per 
cent of the infections. Control inoculations with a sterile needle 
_ have been carried along with all of the experiments, and in no case 
_ have any of the check plants developed symptoms of the disease. 


METHOD OF INFECTION. 


; In an effort to secure a satisfactory explanation of the method 
_ of infection, the writer spent over a month in the field where the 
_ disease is most prevalent. As a result of the daily observa- 
tions and the gross and microscopic examination of more 
than three hundred plants, collected at all stages of the disease, be- 
fore it made its appearance and until it was flourishing, he believes 
_ the following to be the most tenable and satisfactory solution of 
_ the question. 

‘y This phase of the investigation was carried on at Gypsum, 
Colorado, where our first observations were taken May 4, 1909; 
_ this was early in the spring for this locality and altitude (over 6,000 
feet above sea level). ‘The season was considered cold and back- 
_ ward, and a moderately heavy snow had fallen one week before; 
traces of this were still to be seen in the valleys, and the surround- 
ing hills and mountains were heavily covered. 

The alfalfa was just beginning to grow, the average height 
in the diseased fields being from 1% to 2 inches. Most of the 
plants had a yellowish green color due, presumably, to the cold. An 
examination of the young, succulent shoots showed that the epider- 
‘mis of practically every one of them was wrinkled just below the 
“point of attachment of the first four or five leaves, and often this 
wrinkling extended half way to the next leaf below. The epidermis 
was loose from the tissue beneath and appeared to be too large for 
the stem. When this was peeled off, the underlying tissue had Ab 
lowish, green color much like the diseased plants, but a micro- 
opic examination of such material failed to show any micro-or- 
isms present. In those parts of the stem where this wrinkling 
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was absent, the tissue beneath the epidermis was not yellow, but a 
whitish green. In many plants, the loosened epidermis had the 
appearance of partially collapsed blisters, while around and tnder- 
neath these blisters the tissue seemed darker than normal and 
watery, with a suggestion of its having been frozen. Numerous 
lenticular breaks occurred in the epidermis of some stems. ‘These 
might have been due to insect work although rather early in the 
season for this. Occasionally stems were found where the wrinkled 
epidermis had split open’ for a distance of one centimeter, exposing 
the moist pyrenchyma beneath. 


Ten days later, May 14, the epidermis of practically every stem 
in the field was split wide open from node to node over the first 
six internodes, the third to the fifth internodes being the most 
common. This splitting appeared to have begun with the wrinkled 
epidermis mentioned above, and had extended the whole length of 
the internode thereby exposing the succulent, moist tissue beneath | 
to infection. It is the concensus of opinion of those who have ob- 
served this phenomenon, that both the breaking away of the epider- 
mis from the underlying tissue and the wrinkling and subsequent 
splitting are caused by freezing. A similar trouble ascribed to freez- 
ing has been observed in cherry trees and less frequently in the 
apple. Here the bark cracks and later splits open, exposing the 
green wood beneath just as in the alfalfa stems. 


Anyone who has ever lived in Colorado is familiar with the 
soil carrying capacity of our winds, and with this in mind, it is 
easy to understand how germ laden soil might be blown into these 
cracks, where it would adhere to the moist, exposed surface, and 
bring about a fatal inoculation. As a matter of fact, soil was al- 
ways found adhering to these surfaces, and, already, typical cases of 
the disease were developing. A microscopic examination of the 
tissues from the injured areas usually showed the germs to be 
present in great numbers, while ten days previous, that is before the 
splitting had occurred, there was no indication of any infection. 
Invariably, the disease appeared first and was worst on those parts 
of the stem where the epidermis had split and where soil had been 
caught in the open wound. A striking example of this was seen in 
an alfalfa field adjacent to a field which had been cultivated re- 
cently and sown to oats. The oat field was on the windward side, 
and with every gust, quantities of fine soil were carried over into 
the alfalfa. All along this side of the field, there was an aggra-. 
vated attack of the disease, extending twenty to thirty feet into the 
alfalfa and the whole length of the field. Every plant was gray 
with soil and it is only reasonable to suppose that the disease was 
more severe here than in the more remote parts of the field because 
of the heavier soil inoculation. 
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This explanation satisfies one of the most difficult questions 
which has arisen in connection with the problem, namely, why does 
the first cutting, alone, suffer from the attack? ‘There are never 
_ any frosts after the first crop is out of the way, and consequently 
there are no split stems in which to start the infection. 

é In a preliminary report (1), the writer has suggested that pos- 
sibly the constant tramping of cattle and horses, pastured on the 
_ alfalfa fields during the winter, might have split open the crows 
and bruised the young, tender shoots so that during the first irriga- 
_ tion, soil containing the disease germs was washed into the injured 
: tissue and started the trouble on the first cutting. Our observations 


during the past season do not warrant such a conclusion in the 
majority of cases at least, since, in the first place, the disease was 
active at least two weeks before the first irrigation, and in the 
second place, our experimental plats, to which stock had no access, 
_ suffered just as severely as the fields which were pastured. 
Not infrequently, we find the disease at work on stems where 
; there has been no apparent previous injury to the epidermis; some- 
_ times this assumes the form of a continuous, unbroken infection of 
the whole internode, and again it occurs as separate, punctiform 
lesions giving the stem a speckled appearance. This last condition 
would seem to indicate an infection through the stomata, and in- 
-asmuch as we have been able to secure successful inoculations in the 
_ greenhouse by applying the culture to the unbroken epidermis, it is 
altogether possible that stomatal infections take place under field 
conditions. The leaflets often exhibit yellowish, watery areas along 
_ the margin and the larger veins when there is no evidence of the 
_ trouble in any other part of the plant; again, the tiny petioles suc- 
cumb to the disease independently of either the stem or the attached 
leaflets. Water pore and stomatal infection similar to that des- 
_ cribed for the black rot of cabbage may explain these cases. 
There are doubtless other ways in which infection can take 
place, but the methods described above, especially the inoculation 
_ through the split epidermis, seem to be the most common. It is 
_ possible that added observations of another season will give us more 
light upon this point and so rather than draw any final conclusion 
as to the one way in which inoculation takes place in the field, we 
_ prefer to leave the question open. 


DESCRIPTION OF THE CAUSAL ORGANISM, 
Pseudomonas medicaginis, n. sp. (Sackett. ) 
pt. MORPHOLOGY 
ei 1. Vegetative Cells. ; 
~- When grown upon nutrient agar for 24 hours at 28° C., and 


(1) Bulletin 138, Colo. Exp. Sta., Jan. 1909. 
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stained with aqueous fuchsin, the organism is found to be a 
short rod with rounded ends, for the most part single, more 
rarely in short chains of four to six elements, and occasionally 
in long filaments. Many of the rods appear slightly curved and 
wedge shaped; the rods taken directly from diseased stems are 
usually shorter, and when stained with aqueous fuchsin, appear 
to take the stain more deeply at the poles. 
The individual rods usually measure about 1.2 to 2.44 x .5 to 

.8u; the majority are about 2.14 x .7u; the filaments vary in 
length from 20.2u to 37.2u. 

2. Sporangia. ~ 
No sporangia have been observed. 

3. Endospores, 
No endospores have been observed in agar cultures four months 
old. 


4. Flagella. 
When stained by Loeffler’s (1) method, it was possible to demon- 
strate from 1 to 4 flagella attached to each pole.. Following 
Migula’s classification, this bi-polar attachment of the flagella 
places the organism in the genus Pseudomonas. <A 24 hour agar 

(1) Centralbl. f. Bakt., 1889, 6, p. 209; 1890, 7, p. 625. 
culture, examined in the hanging drop, exhibits very actively 
motile rods with rounded ends, from two to four times as long 
as broad, and which occur, for the most part, singly and occa- 
sionally in short chains and filaments. 

5. Capsules. 
No capsules have been observed when stained by Welch’s 
method. (2) 

6. Zoogloea. 
No zoogloea have been observed. 

7. Involution Forms. 
Films made from an agar culture four months old and stained 
with carbol fuchsin show many degenerative forms. Long irreg- 
ular rods which stain unevenly, giving a granular appearance, — 
and usually darker at the poles, are among the most common. 
No unusual or strikingly characteristic forms have been observed. 

8. Staining Reactions. : 
The organism stains readily with the ordinary aqueous stains, 
anilin gentian violet, and carbol fuchsin. 

Gram/’s Stain. 


The results from repeated efforts at staining by Gram’s method 
were not sufficiently sharp and decisive to warrant any positive 
conclusions; the stain was neither entirely lost nor was it re- 
tained in its original depth and brilliancy. Both the anilin 
gentian violet and the iodine solution were used for one and 
one half minutes and the preparations were left in absolute 
alcohol for five minutes. When examined, the germs were dis- 
tinctly stained, but not as intensely as those which had not been 
treated with the alcohol and for this reason, alone, the organism 
is here reported as Gram negative, while in reality it is neither 
positive nor negative. 

Loeffler’s Methylene Blue. 
Stained with Loeffler’s methylene blue, the protoplasm of the 
organism appears very coarsely granular, so much so, in fact, 
as to give the rods almost a striated appearance. 

Neisser’s Stain. 
Neisser’s stain brings out a more or less granular structure to 


(2) Bull. Johns Hopkins Hosp., 1892, 3, p. 128. 


A BAcTERIAL DIsEASE OF ALFALFA 13 


the protoplasm, but no definite meta-chromatie or polar gran- 
ules are demonstrable. 


Hl. CULTURAL FEATURES 


I. Agar Stroke. Nutrient Agar. 


GROWTH, at 27°-28° C., moderate in 24 hours, abundant after 
72 hours; no growth at 37° C. 

FORM OF GROWTH, filiform becoming more or less echinulate 
with age. 

ELEVATION OF GROWTH, slightly convex. 

LUSTER, glistening. 

TOPOGRAPHY, smooth. 

OPTICAL CHARACTERS, translucent. 

CHROMOGENESIS, § grayish white, Engine color No. 12. 

ODOR, absent. 

CONSISTENCY, butyrous. 

MEDIUM, light fluorescent green on the third day. 


2. Potato. 


GROWTH, scanty in 48 hours, moderate after 6 days. 

FORM OF GROWTH, filiform becoming more or less echinulate 
with age. ; 

ELEVATION OF GROWTH, slightly convex. 

LUSTER, glistening. 

TOPOGRAPHY, smooth, 

CHROMOGENESIS, cream; best described as the color of light 
manilla paper; color lies between Orange Yellow Tint No. 2 
and Engine Color No. 1. After 8 days, the color deepens to 
Orange Yellow Tint No. 2, and after 12 days, resembles most 
nearly Engine Color No. 7. 

ODOR, absent. 

CONSISTENCY, butyrous and slightly viscid. 

MEDIUM, grayed and darkened. 

8. Loeffler’s Blood Serum. 

STROKE, moderate in 3 days at 28° C. 

FORM OF GROWTH, filiform. 

ELEVATION, slightly convex. 

LUSTER, glistening. 

TOPOGRAPHY, smooth. 

CHROMOGENESIS, grayish white, 

4. Agar Stab. 

GROWTH, best at top; surface growth moderate in 48 hours, 
abundant after 4 days; surface growth restricted. 

LINE OF PUNCTURE, papillate; no liquefaction. 

CHROMOGENESIS, grayish white, Engine Color No. 12. 

MEDIUM, fluorescent at the surface on the third day. 

5. Gelatin Stab. 

GROWTH, best. at top, no growth in the lower half of the stab. 

LINE OF PUNCTURE, filiform to papillate. 

LIQUEFACTION, none. 

MEDIUM, unchanged. 

6. Nutrient Broth, 

SURFACE GROWTH, pellicle on the third day. 

CLOUDING, slight in 24 hours, moderate in 48 hours, never 
strong; persistent; fluid slightly turbid. 

ODOR, absent. 

SEDIMENT, compact, slightly viscid on agitation, scant. 


- Color terms refer to ‘Standard Colored Papers made by Milton 
ey Co., Springfield, Mass. 
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7. Plain Milk. 


No visible change takes place in the milk in 30 days; there is 
no peptonization, no coagulation; the reaction ‘becomes. 
neutral to phenolphthalein after 40 days. Reaction after 1 
day, +12, after 2 days, +10, after 4 days, +8, after 10 
days, +5, after 20 days, +2. The medium is unchanged 
in color; there is no curd formation and no peptonization © 
at the expiration of 30 days. 

8. Litmus Milk. 

No change observed until the sixth day when the litmus appears 
somewhat lighter in color; by the seventh day it becomes 
bluer and by the fourteenth day it is intense blue. At the 
end of twenty days, it has the same deep blue color; there 
is no curd formation and no peptonization at the expiration 
of 30 days. There is no reduction of the litmus at any time. 


9. Gelatin Colonies. Eight days old. 


GROWTH, slow, 20° C, 

FORM, round, 

ELEVATION, slightly convex, 

EDGE, undulating. 

LIQUEFACTION, none after twenty days. 


10. Agar Colonies. Five days old. 


GROWTH, slow at 25° C. Fine white colonies visible to thes 
eye after 48 hours. 

FORM, round. 

SURFACE, smooth, glistening, concentrically ringed. 

ELEVATION, convex. 

EDGE, entire to undulate; flattened sides, ¥ 

INTERNAL STRUCTURE, more coarsely granular and denser at 
the center becoming more finely granular and less dense at 
the margin. 

CHROMOGENHBSIS, grayish white, Engine Color No, 12. 

SIZE, medium, average 1.5 m.m, : 


11. Glycerine Agar. Agar stroke. 


GROWTH, at 27°-28° C., slight in 24 hours; moderate in 48 
hours. 

FORM OF GROWTH, filiform becoming more or less papillate 
with age. i 

ELEVATION OF GROWTH, slightly convex. 

LUSTER, glistening. 

‘TOPOGRAPHY, smooth. 

OPTICAL CHARACTERS, translucent, 

CHROMOGENHSIS, grayish white, Engine Color No, 12, 

ODOR, none, 

CONSISTENCY, butyrous. 

MEDIUM, very light fluorescent green on the third dav; not as 
deep a green as nutrient agar. 


12. Alfalfa Agar. Agar stroke. 


GROWTH, slight growth in water of condensation at base of 

pry atfer 5 days; slight along line of inoculation in 12 
ays. 

FORM OF GROWTH, filiform, 

ELEVATION OF GROWTH, slightly convex. 

LUSTER, glistening. : 

TOPOGRAPHY, smooth. 

OPTICAL CHARACTERS, nearly opaque. 

CHROMOGENBSIS, Green Yellow Tint No. 2, Growth studded 
with fine black particles as if sprinkled with pepper. . a 
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ODOR, none, 
CONSISTENCY, butyrous. 
MEDIUM, surface becomes clouded as if a very fine precipitate 
had been formed in the medium as a result of the growth. 
13. Synthetic Agar Low in Nitrogen, Agar stroke. 
GROWTH, at 27°-28° C., moderate in 24 hours; very abundant 
after 3 days. 
FORM OF GROWTH, filiform. 
ELEVATION OF GROWTH, decidedly convex. 
LUSTER, glistening, watery. 
TOPOGRAPHY, smooth, 
OPTICAL CHARACTERS, transparent; resembles boiled starch. 
CHROMOGENKSIS, watery white. 
ODOR, none, 
CONSISTENCY, butyrous or more exactly the consistency of 
starch jelly. 
MEDIUM, no change, 
14. Cohn's Solution, 28° C. 
GROWTH, absent. 
FLUID, no growth. 
15. Uschinsky’s Solution, 28° (©. 
GROWTH, slight in 24 hours, moderate in 8 days, abundant in 
10 days. 
FLUID, viscid sediment after 4 days; clouding, strong, persis- 
tent, fluid turbid. Light green after 21 days. 
16. Dunham's Solution, 28° ©, 
GROWTH, moderate. may 
CLOUDING, moderate, persistent, fluid slightly turbid. 
17. Asparagin Solution, 28° ©, 
GROWTH, abundant. 
CLOUDING, moderate, persistent, fluid turbid. 
18. Nitrate Broth, 28° C, 
GROWTH, moderate. 
CLOUDING, moderate, persistent, fluid slightly turbid. 
19. Dextrose Bouillon, 28° C, 
GROWTH, abundant. 
CLOUDING, strong, persistent, fluid turbid. 
20. Saccharose Bouillon, 28° ©, 
GROWTH, abundant. 
CLOUDING, strong, persistent, fluid turbid. 


21. Lactose Bouillon, 28° ©, 
GROWTH, abundant, 
CLOUDING, strong, persistent, fluid turbid. 
22. Maltose Bouillon, 28° ©, 
GROWTH, abundant, 
CLOUDING, strong, persistent, fluid turbid. 
23. Glycerine Bouillon, 28° C. 
GROWTH, abundant. 
CLOUDING, strong, persistent, fluid turbid. 
24, Mannite Bouillon, 28° C, : 
GROWTH, abundant. 
CLOUDING, strong, persistent, fluid turbid. 
25. Growth in Bouillon Over Chloroform. : 
GROWTH, absent. 1 cc, of chloroform was added with a 
sterile pipette to 10 c.c, of sterile bouillon in a test tube and 
after the chloroform had collected at the bottom of the tube, 
the broth was inoculated with two loops of a 24 hour broth 
culture, 
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26. Sodium Chloride in Bouillon. 
The effect of sodium chloride upon growth has been determined 
by inoculating tubes of nutrient broth (+15° Fuller’s Scale), 
containing different amount of chemically pure sodium chloride, 
with two loopfuls of a 24 hour broth culture. A preliminary 
test in which the broth contained from 0 to 12 per cent of salt, 
each tube differing by 1%, showed that the toxic strength lay 
somewhere between 3 and 4 per cent. In the next determina- 
tions, the tubes contained 3.0, 3.25, 3.5, 3.75 and 4 per cent of 
NaCl respectively, This same series was repeated three times 
with the result that growth took place in the presence of 3.75 
per cent of NaCl, but 4 per cent was sufficient to inhibit it. 

27. Nitrogen. 
Nitrogen has been obtained from peptone, asparagin, glycerine, 
and beef broth, but not from ammonium tartrate. No determina- 
tions have been made with other ammonium salts, urea or free 
nitrogen. An abundant growth has been obtained on a synthetic 
agar low in nitrogen, such as is used for growing the nodule 
forming bacteria; this would seeni to indicate the possibility of 
the organism being able to utilize atmospheric nitrogen. Deter- 
minations of this particular feature are in progress at the pres- 
ent time. 

28. Best Media for Long Continued Growth. 


Standard nutrient agar with a reaction of +15° Fuller’s scale 
has proved entirely satisfactory. 

29. Quick Tests for Differential Purposes, 
Fluorescent green color produced in the nutrient agar streak; 
no growth at 37%° C.; non liquefaction of gelatin; surface 
pellicle on nutrient broth; luxurient and characteristic growth 
on synthetic agar low in nitrogen (q. v.). 


i 
lon 


Ill. PHYSICAL AND BIOCHEMICAL FEATURES 


1. Gas Production. 


Four fermentation tubes, each, of dextrose, saccharose, lactose, — 
maltose, glycerine and mannite broth were inoculated with a 
48 hour culture; two of. each were kept at 28° C. and two at 
374%2° C. Those held at 28° C. gave growth in the open arm 
after 24 hours, but none in the closed arm and no gas; those at 
37%° C. showed no growth whatever. The turbidity in the 
open .arm of those kept at 28° C. increased with age, extending 
over half way into the U, but at the end of ten days there was 
no growth in the closed arm and no gas, There was a well de- 
fined line between the growth in the bulb and the clear liquid 
in the closed arm, which seemed to point strongly toward the 
aerobic nature of the organism. 


2. Production of Acid and Alkali, 


60 c.c. portions of dextrose broth, saccharose broth, lactose 
broth, maltose broth, glycerine broth and mannite broth in 200 
c.c. Erlenmeyer flasks were inoculated with two loopfuls of a 
24 hour broth culture of Ps. medicaginis, n. sp. Five cubic 
centimeters were taken from each flask for titration every 
twenty-four hours for a period of ten days.. This was diluted 
with 45 c.c. of distilled water in a porcelain evaporating dish 
and titrated cold with N/10 NaOH or N/10 HCl as the case re- 
quired. Phenolphthalein was used as the indicator, An ex- 
amination of Table ‘No, 1 will show that in no instance has there 
been any acid produced, while on the other hand, after the third 
day, there has been a gradual production of alkali until after 
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ten days growth the cultures were decidedly alkaline. The dex- 
trose broth fell from +10 to —8, the saccharose broth from 
+8 to —5, the lactose broth from +8 to —6, the maltose 
broth from +8 to —5, the glycerine broth from +8 _ to 
—4, the mannite broth from +8 to —7, The results of the 
daily titrations are given in Table No. 1. 


TABLE NO. 1—PRODUCTION OF ACID AND ALKALI. 


Sugar Free Broth Degree of Reaction After 
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€ eer || Aa et aa a | iy cay ae se 

Glycerine 8 8 8 La med Scie ed O° =A 4 

Wantitela. Uesns.. - 8 8 8 8 7 2 | PN re a ee el 


3. Production of Ammonia. 


The production of ammonia has been determined in nutrient 
broth, Dunham’s peptone solution, Jordan’s asparagin solution 
and nitrate broth. 100 e¢.c. portions of nutrient broth and 
Dunham’s solution were placed in 500 ¢.c, Erlenmeyer flasks, 
sterilized, and inoculated with a 48 hour agar culture. Simi- 
lar portions of each of these media were kept as sterile con- 
trols. After ten days, both the cultures and the uninoculated 
checks were analyzed for ammonia by distillation with mag- 
nesium oxid. The distillates were collected in N/10 H.SO, and 
subsequently titrated with N/10 NaOH. Ammonia was produced 
by the culture both in the nutrient broth and in the peptone 
solution, the larger amount being present in the former, The 
results are given in Table No. 2 below. 


Sie NO. 2—PRODUCTION OF AMMONIA. 


“Milligrams NH, Milligrams NH, - Milligrams NH 


Medium in 100c. c. uninocu-| produced by the 
in 100c c. of culture lated control bacteria 
Nutrient Broth.... 21.63318 18.39672 323646 
Dunham’s Solution 4.00279 2.81060 1.19219 


Large quantities of ammonia were produced in the asparagin 
solution after ten days, This was easily demonstrated by adding 
one cubic centimeter of Nessler’s solution to inoculated tubes 
of this medium, 

No ammonia was produced in nitrate broth by the reduction 


.of the nitrates. 

4. Nitrates in Nitrate Broth. 
Nitrates are not reduced. Tubes of nitrate broth inoculated 
with Ps. medicaginis, n. sp. were tested after five days and 
ten days for nitrites and ammonia, and both were found absent. 
A subsequent test for nitrates showed the original nitrate to 
be present as such. 

5. Indol Production. 
There is no indol produced in Dunham’s peptone solution, 

6. Relation to Acid and Alkali. 
The organism exhibits much more latitude in the reaction of its 
food stuffs on the acid side of the neutral point than on 
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the alkaline, the limits of growth being from —4° to +32° 
Fuller’s scale. The optimum reaction appears to be between +15 
and +18. Growth is retarded by a neutral reaction, on the 
one side, and by +32 on the other, and is prevented entirely 
by —6 and +34. 

To tubes containing exactly 5 c.c. of sterile broth, sufficient 
standard NaOH or HCl was added, with aseptic precautions, to 
give them reactions ranging from —40 to +40, each tube dif- 
fering by 2° from the others, thus: —40°....——8°, —6°, —4°, 
Oi) OD AO eG QO. ols eoalenaueuete +40°. Six tubes 
were prepared for each reaction, one of which was titrated to 
verify the degree of acidity or alkalinity. Without further 
sterilization, these tubes were inoculated with two loopfuls of 
a 48 hour broth culture and allowed to develop at 28° C. We 
found by trial that if the broth was sterilized after the acid 
or alkali had been added, the reaction might change consider- 
ably, especially in the case of the alkali, due, presumably, to 
certain chemical combinations which took place between the 
NaOH and the broth constituents at the sterilizing temperature 
(95.5° C. Altitude 4,981 feet above sea level). This was borne 
out by the fact that if the medium was not sterilized after 
adding the NaOH, —6° was sufficient to inhibit growth, but if 
sterilized, broth reacting —10° before being heated was required 
to accomplish the same result. 

Detailed results of the experiment are given in Tables Nos. 
3 and 4. 


TABLE NO. 3—-RELATION TO ACID. 


Growth Resulting After Given Number of Days 
Degree of Acid 

14.)-2d.. | 3 ds 1'4 da. | 5 ai) 6s) | 75d, | Sidi | orda |) 10rd 
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TABLE NO, 4-RELATION TO ALKALI. 


Growth Resulting After Gi ys 
Peace cat Se » ie g i = Aven peur of Days 
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(+) Best growth. 


7. Optimum Reaction, 
The optimum reaction for growth in bouillon is +15° to +18° 
Fuller’s scale. 

8. Vitality on Culture Media. 
Vitality on culture media is only moderate. Transfers made 
from a stab culture in nutrient agar which was four months old 
failed to give any growth; however, growth has been obtained 
from cultures on agar which were six weeks old. No difficulty 
has been experienced in carrying the culture upon nutrient 
agar if it transferred as often as once in ten days. 

9. Temperature Relations. 
THERMAL DEATH-POINT.—The thermal death-point lies be- 
tween 49° and 50° C. 10 c.c. portions of nutrient broth, +15 
Fuller’s scale, in thin walled test tubes of resistance glass, hay- 
ing a uniform diameter of 16 to 17 m.m., were inoculated with 
two loopfuls of a 24 hour broth culture grown at 28° C. As 
soon as inoculated, the tubes were plunged into water of the 
desired temperature up to the cotton plugs, and kept there for 
exactly ten minutes. In order to insure a uniform temperature, 
the water in the water bath in which the exposures were made, 
was kept in constant motion by a horizontal paddle attached 
to a stirring machine and operated by a water motor, The dif- 
ferent temperatures were maintained by hand regulations with 
a Bunsen burner. At the end of the ten minutes exposure, the 
tubes were immediately cooled in cold water and subsequently 
allowed to develop at 28° C. Twelve tubes of broth were used 
for each temperature and determinations were made for each 
degree of temperature from 40° to 60° C. If turbidity ap- 
peared in any of the tubes within ten days, this was taken as 
an indication that the temperature to which the tubes were ex- 
posed was not fatal, 

OPTIMUM TEMPEHERATURE.—The optimum temperature lies 
between 28° and 30° C, 
37%4° C., no growth occurs on nutrient agar, in nutrient broth 

or in the various sugar broths. 
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28° C., abundant growth on agar and moderate in broth after 
48 hours. 

20° C., moderate growth on agar and slight in broth after 
48 hours. : 

10° C., slight growth on agar and none in broth in 48 hours, 

6.5° C., slight growth on agar and none in broth in 48 ROWTR:, 
moderate growth on agar and slight in broth in 6 days. 


10. Relation to Oxygen. 
Ps. medicaginis, n. sp. appears to be an obligative aerobe, Stab ° 


cultures were made in glucose litmus gelatin and placed in an 
atmosphere of hydrogen in a Novy jar. No growth whatever 
took place in 120 days. Again, in our studies upon gas produc- 
tion from the different sugars, glycerine and mannite, we have 
observed that no growth occurred in the closed arm of the 
fermentation tubes and that there was a sharp line of demarca- 
tion between the growth in the open arm and the clear liquid 
in the closed arm. This would seem to point strongly toward 
the aerobic nature of the germ. The total absence of any deep 
growth in the gelatin stab serves to emphasize further this 
feature. 


11, Effect of Dessication. 


The organism is relatively resistant to drying, being able to 
withstand dessication for eleven days when spread on cover 
glasses and dried in sterile Petri dishes. A suspension of the 24 
hour growth on agar was made in sterile water, and one loopful 
of this was spread over each of a number of one-half cover 
glasses, sterilized by flaming. These smears were placed in 
sterile Petri dishes at once and allowed to dry. Every twenty- 
four hours for a period of twenty-two days, two of these in- 
oculated cover glasses were taken out and dropped into tubes 
of sterile broth; if growth resulted, this was taken as evidence 
that the germs had not been killed by drying. Detailed obser- 
vations are given in Table No. 5 below. 


TABLE NO. 5S-EFFECT OF DESSICATION. 


Rr of Dave Growth Resulting in Broth After Given Number of Days 
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Jad .| 2 de 3d) 4d. |) Sidi e6 Ga 7d, }-8 d.ie9 dio) 10d, 

0 OMe te rae ks eG IE + 
0 Oa eta Ee i a t ate 
0 0 Ps a B18 a 
0 0 aH iP aie Nas 
0 0 0 LO ies aes eae pee Hay ats 
0 te mM 0 0 0 0 0 0 
0 

Dk och wi8 ce Iuaeedeaet Meee ele tial 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 oe Bie oe 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 oi ata ate et sin ate a = 


A BACTERIAL DISEASE OF ALFALFA 21 


12. Relation to Freezing. 
1/100 c.c. and 1/10,000 ec.c. portions of a 24 hour broth cul- 
ture grown at 28° C., were plated in nutrient agar as controls. 
This culture was then frozen in a mixture of snow and salt, and 
kept in this condition for 24 hours, at the end of which time it 
was thawed out by placing it in an incubator at 28° C. As soon 
as melted, dilution plates were made using the same amounts as 
before freezing. After four days, colony counts were made 
which showed the culture to have contained 470,000 germs per 
c.c. before freezing and 5,100 after freezing, or 98.9 % had been 
killed, 
13. Relation to Light. 

DIRECT SUNLIGHT.—Three tubes of liquefied agar were sown 
thinly with different amounts of a 24 hour broth culture and 
poured into sterile Petri dishes. As soon as the agar had solidi- 
fied, one half of each plate was covered with one thickness of 
heavy, black, glazed paper. They were then placed on a bed of 
firmly packed snow in a large crystalizing dish and the whole 
was exposed for fifteen minutes to the bright sunshine of Fort 
Collins, Colorado (altitude 4,981 feet above sea level), Nov. 20, 
1909, 11:30-11:45 A. M. 

100 % of the germs were killed in the exposed portions of 
the plates, while 25, 9, and 5 colonies, respectively, developed 
in the protected parts. 

DIFFUSED LIGHT.—Our cultures have been kept in diffused 
light in a culture room supplied with light from a north window, 
which was perhaps eight feet from the table on which the cul- 
tures were kept. We have never noticed any detrimental effect 
from this light upon either the vigor or the virulence of the 
cultures. Other cultures have been kept next to the window for 
a week at a time, and when subcultures were made from these, 
no difficulty has been experienced in getting good growths. 

14. Production of Hydrogen Sulphide. 

Nutrient broth in tubes was inoculated with a 48 hour agar 
culture, and at the same time narrow strips of filter paper, 
moistened with lead acetate, were suspended in the upper part 
of the tubes and held in place by the cotton plugs. These strips 
of paper were remoistened with lead acetate every twenty-four 
hours for a period of ten days but there was no blackening to 
indicate the production of hydrogen sulphide. 

A second method of demonstrating H.S was to make stab 
cultures in nutrient gelatin to which .5% of iron potassium 
tartrate had been added. If hydrogen sulphide had been pro- 
duced, the line of puncture should have been marked by a well 
defined black line due to the formation of iron sulphide. Tubes 
of this medium inocualted with Ps, medicaginis, n. sp. failed to 
show the production of any H.S. 

15. Production of Ferments. 

Determinations have been made for the presence of diastase, 
invertase, zymase, rennet, pepsin and glucase. Tests were made 
for these enzymes after five, seven and thirty days, and th2 
only one which we have been able to demonstrate was in- 
vertase. A trace of this was evident on the seventh day, and 
was abundant at the end of thirty days. A 48 hour agar culture 
has been employed in all of the inoculations. 

DIASTASH.—100 c.c. of sugar free beef broth containing.1% 
soluble starch were inoculated with the organism under study. 
After five, seven and thirty days, portions were removed from 
the flask with a sterile pipette and tested for starch with iodine 
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solution, and for maltose with Fehling’s solution. Starch was 
present at all times, and at no time was there any reduction otf 
the Fehling’s solution; therefore no diastase was formed. 

INVERTASE.—Saccharose broth, prepared by adding 1% of 
saccharose to sugar free broth, was used in the determination 
of invertase. 100 c.c. of this medium were inoculated and after 
five, seven and thirty days tests were made for invert sugar with 
Fehling’s solution. There was no reduction at the end of five 
days, a slight one after seven days and at the end of thirty days, 
a good test for glucose was obtained from the inoculated flask, 
while the sterile control gave no reduction of the Fehling’s sol- 
ution; therefore invertase was formed. 

ZYMASE.—Glucose broth, prepared by adding 1% of glucose 
to sugar free broth, was used in our study of zymase. Observa- 
tions covering a period of thirty days failed to show at any time 
the evolution of CO, gas, or the presence of alcohol in the in- 
oculated tubes, and consequently, we have concluded that there 
was no zymase produced. 

RENNET.—Plain milk was employed as the medium in the 
study of rennet production. At no time during the thirty day 
period of examination, did the inoculated milk tubes show any 
evidence of curd formation, which fact has been interpreted as 
indicating the absence of rennet. 

PEPSIN.—Plain milk and nutrient gelatin, contained in test 
tubes, were epmloyed as the media in the study of pepsin forma- 
tion, Stab cultures were made in the gelatin and the milk was 
inoculated in the usual way. There was neither any liquefac- 
tion of the gelatin nor any digestion of the casein of the milk 
during the period of observation, which was sixty days for the 
gelatin and forty days for the milk. 

GLUCASE.—Beer wort, and sugar free broth to which 1% 
of maltose was added, furnished the media for the study of glu- 
case, but owing to the difficulty in distinguishing maltose from 
glucase when present in the same solution, no satisfactory con- 
clusions could be reached regarding the presence of glucase, and 
hence concerning the production of glucase, 

16. Crystals Formed, 


No crystals have been observed to form in any of the media 
employed, 
iv. PATHOGENICITY 
1. Pathogenic to Animals, 


Inasmuch as the organism does not grow at 37%° C. it has 

been considered unnecessary to carry on any animal inoculations. 
2. Pathogenic to Plants. 

Pathogenic for alfalfa (Medicago sativa); not pathogenic under 

field conditions for sweet clover (Melilotus alba), white clover 

(Trifolium repens), or winter vetch (Vicia sativa). 


V. NUMERICAL CLASSIFICATION 


According to the numerical system of recording the salient 
characters of an organism, Ps. medicaginis, n. sp. (Sackett) be- 
comes Ps. 212.383321338. 


MEDIA EMPLOYED. 


The nutrient broth, nutrient gelatin, nutrient agar and sugar 
ree broth, employed in this work, have been prepared according 1. 
the Standard Methods of Water Analysis (1). Reaction +15° Ful- 
ler’s scale. ; 
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Sugar Broths——These were prepared by adding one per cen! 
of the different sugars, as well as glycerine and mannite, to sugar 
free broth. 

Glycerine Agar.—Prepared by adding four to six per cent 
glycerine to nutrient agar. 


Dunham's Solution — 


DDAST UM COS ALCY --.cc lets fetetpmteratd oteatele! o1e/s]oy!ajai4 soto! oie.e.0%6\¢ 1000.0 c. c. 
DA HELEY SiR DLOTIC, aie ctanar aetna as iptesei~) c/ouwsels!svatsy-e.a Js a se) 9 10.0 grams 
INCITS oine cap brOgiee uo 50-5 00. oe CORE OOO eee ete 5.0 grams 
Nitrate Broth_— 
Distilled water. .,.:-1 sacle ee Bee ceravirs.efoann aelecn a 1000.0 c. e. 
WHILE Shep lome tc ceet init). <:a)ebpiais ious) winin son svelbieie 1.0 gram 
BIN Os (iaitribed ire) is aekammiaeemelats | <leisieisce.r'e v0) tees eles. .2 gram 
Asparagin Solution—(Jordan). (2) 
Nedistiiled wateracryatmtmtein. cca cele ccctisicieic.s vsiansa.e . 1000.0 c. c. 
NG PALAU ayer here EMME S aiaiylalsisic’s (ove! clels vidissly 2 0 grams 
ILUERSS G Viento osraria cio oy. @o on ARC ODL ee SIRE SOE RE Ree 1.0 grams 
SPEED EG) Waa tepet erate enie eerie erat ay sche oles Sale eel sie dete «tas 1.0 grams 


(1) Supplement Journal Infect. Diseases, May, 1905, p. 104. 
(2) Jordan, Bot, Gaz., 1899, 27, p. 9; Jour. Expt. Med., 1899, 4, p. 
627. 


Uschinsky’s Solution —(1) 


Distilled’ water tecmmrereitealrials.lece)s 6 so siis:ejs:cce1e 1000.0 c. ¢. 

Ung h TL IBABRISAIRD oF do DoDI nd GORDO S Cee ae 30-40 grams 
2 Ee RRS OCR OR OEN CES Cole: cic on 0.01.4 SILOS eR eR SR a 5-7 grams 
(CPO SSA GSE OCRASREIE BS C.cr ctl oo co Aichi ORR EOC eR eae -1 grams 
aM RAS OPS rian See co Gig ci a.0-cictk> A RO Re eee .2-.4 grams 
PP FASE) Gee ntl oct oyna} se" 20a RAPE PEM Tea sisioio|ioisic. ce: o)s 0°36 2.-2.5 grams 
ATITTTOUIMITH LACTALG «i. s1e)etetaene members letsiel ss ie s.c.010,0 c'est 6-7 grams 
SOdittiia aASParacinate ins ree emauslatsys ve aca oss scels «: 3-4 grams 

Cohn’s Solution.—(2) 

Distilled water... 5-5 sole wraetmebene ert els sieys scar cis vie 1000.0 c. ¢. 

FENG GENS 7 ise IIE ROC TRREEO..5 1,10) 0 GC Coc CMC Suave 5.0 grams 
ES) Oy oS ain IEEE ROIDIE- Bic binia O10. 2 ds a OREO CPOETRCORTORS 6.0 grams 
PATIO NACI CAR CLA EE: « <a eanreaen pets ealaral sieves letc.cle cue, a\s, « 10.0 grams 
1 ERO aa RS RIOR eerie -c chen cool tu A Net eee nen Ia .5 grams 

Synthetic Agar, Low é in Mi itrogen.— 

Wietibledmmaven is /': scsisnee MR emicis dieses nesceie ns 1000.0 c.¢. 

GAMES STI SAL tila a('o.5,'='<. sts) sols artetaveMePr ere ete nc ale raw ls cise Se 50.0 grams 
ROUT) ips aha, <h ato scinvars, Se telatel MMA eID Pheu oot aio vetlel cia are 1.0 gram 
DAY ek O Mich AAR AIPMAP SE Ol) clos noite akan ERO IA ace .2 gram 
WHTEAC eG ra waty kia-c kis aeRO the erate eave seis) 3% 15.0 grams 


eatiion + 3° Fuller’s scale. 
(1) Cent, f. Bakt., Erste Abt., Bd. XIV., 1893, p. 316. 
(2) DeBarry, p. 86, Vorles. u. Bact., 2 Auflage. 


Potato.—Cylinders of raw potato were washed in running 
water over night, rinsed in a very dilute solution of NaOH, and 
sterilized in the autoclave for five minutes at 120° C. 

Alfalfa Agar-—Prepared by adding 15 grams of finely 
shredded agar to 1,000 c.c. alfalfa infusion made by steeping 500 
grams finely chopped green alfalfa in 1,000.0 c.c. tap water for one 
hour. Reaction not changed. 
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Litmus Milk.—Prepared by adding to plain milk one per cent 
of a solution of azolitmin made by dissolving 1 gram of azolitmin 
in 40 c.c. of distilled water and kept at 37.5° C. for 12 to 18 hours. 


‘GREENHOUSE EXPERIMENTS. 


The constant occurrence of characteristic white colonies, in 
such a large percentage of our plates, was sufficient to make us 
suspicious that the micro-organisms making up such colonies were 
the immediate cause of the disease. However, the crucial test of 
a pathogenic organism is its power to reproduce the given disease 
when introduced in pure culture into its normal host. Accordingly, 
we have fulfilled this requirement by making a large number of 1n- 
oculations upon alfalfa plants under greenhouse conditions, and by 
this means we have been able to establish Ps. medicaginis, n. sp. 
beyond the remotest shade of possible doubt, as the unquestionable 
cause of the trouble. We have reproduced the infection in from 
five to seven days with practically its characteristic field symptoms, 
and we have been able to follow its progress through the different 
changes up to the blackening and complete destruction of the stem 
after six weeks. 

In the plant inoculations, which are described below, we have 
employed three different germs. ‘These are the only ones which 
we have met with in our isolations, and for convenience they are 
here referred to as “Yellow Colony,” “Orange Colony” and “White 
Colony,” the last, Ps. medicaginis, n. sp., having been shown to be 
alone responsible for the disease. 

Successful inoculations have been obtained by scarifying the 
epidermis of the stems with a sterile scalpel, and then immediately 
smearing the freshly exposed, moist surface with a 48 to 72 hour 
agar culture of the organism. Another method has been to prick 
the stem at intervals of about one centimeter with a needle pre- 
viously dipped into the growth of a 48 to 72 hour agar streak. 
Again, we have rubbed the culture over the surface without any 
previous injury to the epidermis. 

No precautions have been taken against the drying out of the 
inoculated areas other than to spray the plants once just after 
inoculation, and once a day thereafter for the next three days 
» with sterile water. A water bottle with a fine rose nozzle has been 
used for this work. The spray would collect in large drops, and 
ultimately run down the stems, and in this way moisten the in- 
oculated regions.’ This treatment together with the moist atmos- 
phere of the greenhouse seemed adequate. 

Plant Inoculations of June 3, 1909. 

Cultures used were isolated June 1, 1909. 


Pot No. 1.—The epidermis of each of four stems was scarified for a 
space of 10 cm. and smeared with a 48 hour agar culture of Ps, medi- 
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ginis, n. sp. obtained from an infected stem. For comparison with in- 
oculations not specially protected against dessication, this pot was covered 
with a bell jar, the opening in the top being stoppered with a cotton plug. 
Circulation of air was possible yet there was a moist, if not saturated, 
atmosphere surrounding the plant all the time, By June 18th., the 
scraped areas were blackened and a microscopic examination of this tissue 
showed the characteristic milky cloud and swarms of bacteria. 

Pot No, 2.—Each of four sten's was inoculated by ten needle pricks 
with a 48 hour agar culture of Ps. medicaginis, n. sp. This pot was also 
covered with a bell jar as described above. By June 18th, each needle 
prick showed a dark brown zone 1 mm. wide surrounding the point of 


‘infection. A microscopic examination of the tissue from this zone showed 


clouds of motile bacteria. 

Pot No. 3.—Four stems were inoculated in the same manner as those 
of Pot No. 1, but they were not covered with a bell jar. The plant was 
sprayed with sterile water once a day for the first three days after in- 
oculation, By June 18th., the stems were blackened and exhibited the 
characteristic phenomena under the microscope. The diseased condition 
of the stems was much more typical than in those which were covered 
with the bell jar. 

Pot No, 4.—Four stems were inoculated in the same manner as those 
of Pot No. 2, but they were not covered with a bell jar. They were 
sprayed with sterile water once a day for the first three days after inocu- 
lation. On June 18th., there was a brown area surrounding each needle 
prick and a microscopic examination of the discolored tissue showed 
swarms of motile bacteria. The gross appearance of the diseased parts 
was more typical than in the plant covered with a bell jar. 


Pot No. 5.—Four stems were scarified and inoculated with a 48 
hour culture of P's. medicaginis, n. sp. isolated from a diseased leaf, The 
plant was covered with a bell jar. The stems were blackened by June 
18th., but they were not as typical as those which were left uncovered. 

Pot No. 6.—Four stems were inoculated by needle pricks with a 48 
hour culture of Ps. medicaginis, n, sp. isolated from a diseased leaf. The 
plant was covered with a bell jar. June i18th., the disease was evident 
from the blackened areas around each needle prick, but it wag not as 
typical as in those stems which were not covered. } 

Pot No. 7.—Four stems were inoculated in the same manner as Pot 
No. 5, but were exposed to the air and sprayed with sterile water. By 
June 18th the disease was apparent by the blackened stems and a micro- 
scopic examination showed swarms of bacteria coming from the tissue 
and a milky cloud surrounding the whole; more typical than stems under 
bell jar. 

Pot No. 8.—Four stems were inoculated in the same manner as Pot 
No. 6, but were exposed to air and sprayed with sterile water. June 18th. 
there were dark brown areas surrounding each puncture; very typical; 
microscopic examinations characteristic. 


Plant Inoculations of June 7, 1909, 


Cultures used were isolated June 1, 1909. 

Pot No. 9.—Each of four stems was scarified and inoculated with a 
48 hour culture from a yellow colony isolated from a black stem. By 
June 18th, the stem was slightly yellow and shiny but probably nothing 
more than the result of the scraping; nothing typical had developed; 
there was no sign of any growth of the germ and no evidence of any 
discolored or diseased tissue. Microscopic examination failed to show 
the presence of bacteria and consequently this germ was considered as 
not responsible for the trouble. 

Pot No. 10.—Each of four stems was scarified and inoculated with 
a 48 hour culture from an orange colony, isolated from a diseased stem. 
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By June 18th. there was no change whatever in the inoculated stems, and 
on June 25th. they were in all respects the same as the uninoculated con- 
trols; therefore, this germ was eliminated as a possible cause of the 
disease. 


Plant Inoculations of June 21, 1909. 


The cultures used were isolated June 19, 1909. 

Pot No. 11.—Five stems were inoculated by spreading a 48 hour 
agar culture of Ps. medicaginis, n. sp. upon the unbroken epidermis, the 
object being to determine whether stomatal infection could be produced 
in this way. After twenty days, isolated brownish spots appeared on the 
inoculated portions of all the plants, and after thirty days these brownish 
areas were black. A microscopic examination of the tissue showed the 
true infection. 


The object of the following inoculations was to determine whether 
Ps. medicaginis, n. sp. was equally pathogenic when isolated from dif- 
ferent stages in the progress of the disease. . 


Pot No. 12.—One stem was scarified and smeared while a second 
one was inoculated by needle pricks. with a culture of Ps. medicaginis, n. 
sp. isolated from a stem which had reached the brown stage of the disease. 
The infection developed in both stems after seven days and by August Ist. 
both were black. 

Pot No 13.—One stem was scarified and smeared while a second one 
was inoculated by needle pricks with a culture of Ps. medicaginis, n. sp. 
isolated from a stem in the earliest stage of the infection when it showed 
the light green, yellow, watery tissue, Both of the stems developed the 
disease in seven days and were black after five weeks. 


Pot No, 14.—One stem was scarified and smeared while a second one 
was inoculated by needle pricks with a culture of Ps. medicaginis, n. sp. 
isolated from a black stem in the advanced stage of the disease. Both 
stems developed the trouble in five to seven days and were black August 1. 


Pot No, 15.—One stem was scarified and smeared while a second one 
was inoculated by needle pricks with a culture of Ps. medicaginis, n. sp. 
isolated from what appeared to be a very recent stomatal infection on the 
stem; there was no indication of the epidermis being broken, and the 
disease occurred in isolated spots around the stomata. Both stems de- 
veloped typical symptoms in five to seven days and were black by August 
1st. 

Pot No. 16.—One stem was scarified and smeared while a second one 
was inoculated by needle pricks with a culture of Ps. medicaginis, n. sp. 
isolated from an advanced, black stomatal infection of the stem. Both 
stems developed the disease in five days, and the inoculated areas were 
black August ist. 


Pot No. 17.—One stem was scarified and smeared while another was 
inoculated by needle pricks with a culture of Ps. medicaginis, n. sp. isol- 
ated from a single infected stoma of the stem. Both stems developed very 
good symptoms in four days and were black by August 1st. 


Plant Inoculations of August 25, 1909. 
_Cultures used isolated June 1, 1909. 


Pot No. 18.—Stem scraped over the whole internode and smeared 
with a culture of Ps. medicaginis, n. sp. isolated from a diseased stem; 
Sept. 3rd. inoculated area yellowish green color, watery and darker along 
the edge; Sept. 7th. dark brown; Sept. 30th. black. 


Pot No. 19.—Stem scraped in patches and smeared with a culture of 
Ps. medicaginis, n. sp. isolated from a diseased stem. Sept. 8rd. inoculated 


spots plainly visible by the watery, yellowish green patches; Sept, 7th. 


spots dark brown; Sept. 30th. spots black. 
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Pot No, 20.—Stem inoculated by needle pricks with culture of Ps. 
medicaginis, n. sp. isolated from diseased stem. Sept. 3rd. watery areas 
for 1 to 2 mm. around each needle prick and yellowish; Sept. 7th. dark 
brown; Sept. 30th. black. 

Pot No. 21.—Controls. One stem scarified with a sterile scalpel and a 
second pricked with a sterile needle. No change visible at any time in 
either stem. 

Plant Inoculations of November 2, 1909. 


Cultures used were isolated June 1, 1909. 

Pot No. 22.—Three stems were scarified and smeared with a culture 
of Ps. medicaginis, n. sp. isolated from an infected stem. On Nov. 7th, 
two of them were watery, shiny and yellow, while a liquid had been oozing 
from one and had dried on the stem. The third stem showed almost no 
change from the check. By Nov. 18th. all of the scraped areas were 
dark, watery green and turning brown; by Nov. 20th, they were a dark 
brown; a microscopic examination on Nov, 23rd. showed a typical in- 
fection. (See colored plate.) 

Pot No, 23.—Two stems were inoculated by needle pricks with a 
culture of Ps. medicaginis, n. sp. isolated from a diseased stem; Nov. 7th, 
yellowish, watery appearance around each one of the stabs; Nov. 18th, 


“needle pricks all taking well; very well defined brownish green areas one 


to two mm. around each; infection spreads slowly; Nov. 20th. the dis- 
eased spots dark brown and slightly sunken; Nov. 23rd. an examination 
of the diseased tissue gave milky cloud in the mount and swarms of germs 
under the microscope. (See colored plate.) 

Pot No. 24.—Stem inoculated by smearing culture of Ps. medicaginis, 
nh. sp. upon the unbroken epidermis. The object, here, was to attempt 
to secure a successful infection through the stomata. Nov. 10th, two 
yellowish, watery spots developed on the part of the stem smeared; Nov. 
18th. these spots were dark brown and by Nov. 24th. they were almost 
black. A subsequent microscopic examination showed a true bacterial 
infection, 


In order to eliminate the germicidal action of the direct rays 
of the sun, the plants were shaded by one thickness of canvas, 
placed next to the glass roof. 

In order to determine whether the infection was communicated 
to the plants through the roots, twelve pots were prepared with sick 
soil containing quantities of the diseased stems. Fifteen germin- 
ated alfalfa seeds, which had been sterilized previously in a 1-500 
mercuric chloride solution, were planted in each of the above pots. 
A good, vigorous stand was obtained. The possibility of frozen 
stems was eliminated by growing the alfalfa in the greenhouse and 
the danger from dust infection was reduced to a minimum by keep- 
ing the surface soil in the pots moist. These plants are now sixteen 
months old and up to the present time not a single stem in any ot 
the twelve pots has shown any sign of the disease. From these 
results, we can say with a reasonable degree of certainty, that the 
disease is not, primarily, a root trouble, and if the roots do become 


_ diseased. the infection must start from the crown and work down- 


. 


ward. 
SUMMARY OF GREENHOUSE EXPERIMENTS. 


From these experiments it will be seen, first, that we have 
been able to produce the disease successfully in 100 per cent of the 
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plants inoculated with pure cultures of Ps. medicaginis, n. sp.; 
second, that cultures of this organism produce identically the same 
symptoms irrespective of their origin, i. e., whether they were ori- 
ginally isolated from stem, leaf or exudate; third, that it has been 
possible to produce the disease by introducing the germs through 
needle pricks and by smearing them upon scarified areas, as well 
as by spreading them upon the unbroken epidermis; however, in- 
oculations by the last method develop more slowly and are not as 
typical of field lesions; fourth, that after cultivation upon nutrient 
agar for five months, Ps. medicaginis, n. sp. seems to have re- 
tained its initial virulence practically undiminished; fifth, that 
neither of the other two cultures which have been found associated 
with the trouble are able to produce the disease; sixth, that the in- 
fection is not communicated to the plants through the roots. 


FIELD EXPERIMENTS. 


Inasmuch as the disease seems to be directly tracable to soii 
infection, and consequently may be considered a soil trouble, the 
only practical method of controling it is by the introduction of 
resistant varieties. ‘To this end we have planted twenty-six varié- 
ties of alfalfa on sick land with the hope of obtaining one or more 
blight resistant strains. ‘The seed for this work was procured fron: 
the United States Department of Agriculture through Mr. W. J. 
Brand, and planted April 16 and 17, 1907. The ground upon which 
the plats are located is owned by Hon. J. L. Chatfield, and had been 
in alfalfa a number of years, was plowed in the spring of 1905 and 
planted to oats and potatoes; in 1906 again planted to oats an‘l 
produced 100 bushels per acre. ‘The rows of the plot are about fif- 
teen rods long and run from east to west. ‘Two rows of each 
variety were planted through the plot, then the series was repeated 
in the same order but only one row of a kind was used. The variety 
designated as Gypsum No. I was grown from cuttings which were 
taken from land that had been in alfalfa, and was plowed up be- 
cause of the prevalence of the disease, and planted in oats. These 
plants were very vigorous at the time the cuttings were made. This 
part of the work was begun by Professor Paddock over two years 
ago. 

The following is a list of the varieties which we have used in 


our field tests. 
No. 9451, Sairam. 
No. 11275, first quality commercial. 
No. 12398, from Colorado, 
No. 12409, Utah, non-irrigated, 
No. 12671, from Kansas, 
No. 127024, from Sherman, Texas. 
No. 12747, from Billings, Mont. 
No. 12748, from Germany. 
No. 12784, Utah, irrigated, 
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12801, from Texas Panhandle. 
12816, from Chinook, Mont. 
12820, from Nebraska. 
12846, from Kebilli Oasis, Tunis. 
13291, from New York, 
13259, from Nebraska. 
13857, from Simbirsk, Russia. 
17698, from Chinook, Mont. 
18751, from Turkestan, 
19508, from Kansas. 
P.L.H. 3251, grown in South Dakota, from Baltic seed. 
P.L.H. 3252, also grown in South Dakota. 
9322, from Touggourt. 
12694, from Provence, France, 
94538, from Bokhara, 
13437, from Arizona. 
1, Gypsum, Colorado, from cuttings. 


A very satisfactory stand was secured with all varieties except 
No. 12,846 and No. 9,322.. When the plants were one year old, they 
were examined very carefully for the presence of the disease with 
the result that all varieties but one, P. L. H. 3,251, were affected 
to a greater or less degree. While not all of the plants in each va- 
riety were suffering, some from each, with the exception of the one 
mentioned above, were diseased. ‘Table No. 6, below, gives the 
results of these observations which were made June 20, 1908. 


TABLE NO. 6 


Showing Condition of the Different Varieties of Alfalfa When One Year Old. 


June 20, 1908. 


Prevalence 


Variety Stand | Vigor Bibisease Size of Plants 
9451 |Fair Fair Present |Medium and small 
11275 |Good 'Good Present |Variable 
12398 |Fair |Fair e Variable 
12409 |Good Good se Large 
12671 |Fair Good # Variable 
12702 ty Fair se Variable 
12747 | <' |Good ¥ Large 
12748 re \Very good “ Large 
12801 ee ‘Fair “2 Small 
12816 Good a Variable 
12820 as Good a Variable 
12846 |Very poor |Very poor 4 Almost no plants 
13291 |Poor Fair £ Large 
13259 |Fair Fair i Small : 
13857 |Poor Good + Large, varieties mixed 
17698 |Very good |Good x Low and large 
18751 |Good Good a Variable 
19508 as Fair se small 
Ty Pum olbelie Very good |Absent jLarge 
ly. H. 3252 |Fair Fair Present |Small : ‘ 
12694 ne Poor Frost bitten, varieties mixed 
9453 | ‘S Fair Re Large spreading 
13437 |Poor os e Small 
12784 |Fair ae ie Variable 
OSE 2 erie se Ssiaeae Routan ssresctare No plants 
1 |Very good |Very good |Present |Small 


_ Gypsum 
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Similar observations, made June 11, 1909, when the plants were 
two years old, showed that all varieties were affected, including 
P. L. H. No. 3,251, which had promised immunity the previous 
season. At this time of the year, the alfalfa was from ten to twenty 
inches high ; the majority of it had a good color, and while the blight 
was present in all varieties, it was not abundant enough to do any 
serious damage to the crop. Only a few stems of each plant were 
suffering and only the lower internodes of these. Such stems had 
the characteristic watery, yellow green color, very little blackening 
having occurred up to this time. Occasionally plants were found on 
which the attack had been so acute that they were entirely destroyed. 
Their location was marked only by patches of dwarfed, shriveled 
stems, now dried and prostrate. Four of the twenty-six varieties 
were noticibly freer from the infection than the rest, namely, No. 
12,300) No. 12,071, No, 12,764, and P. L. Hv3,257.. It.is'a matter 
of considerable practical interest, that the first three of these are 
from seed which we may consider as home grown; the first is from 
Colorado, the second, Kansas; the third, Utah. If we are so 
fortunate as to find high resistance in plants from local seed, the 
question of obtaining resistant varieties will be much more easily 
solved than if we are compelled to breed up a strain from foreign 
seed. ‘Table No. 7 gives the detailed observations on the variety 
plats, made June 11, 1909. 

TABLE NO. 7 


Showing Condition of the Different Varieties of Alfalfa when Two Years Old. 
June 11, 1909. 


Variety Vigor Prevalence of the Disease 
O45] cise Fair Present 
2 DINARS ae Fair Present 
12398........|Good Present, but not serious 
T2409 ss 'arates 07s Fair Present 
Gd leader bane Good Present, but not serious 
WARD tae Steyn Good Present 
UB TATS seelarevars Good Present 
V274 Bixecaisle cue Fair Present 
T2TS4 wanrets Good Present, but not serious 
TIZB OI eatereiats Poor Present 
W281G6s asa Fair Present 
12820...... |Good Present 
12846....... No plants |No plants 
IeySileashauor Fair y? . ~~ 
D325 9% vera ohs Fair 5 . 
USS 5 ida cet evee Poor a eS 
76 98iscrrere Good A as 
18751.......|Fair S Sy 
19508 .... .|Good § xs 
VAD corte Very good |Present, but not serious 
oa Deseret Fair Present 
ORV arresting te No plants |No plants 
T2694 ear tes Very good /|Present, but not serious 
SP IG Peri ci Poor Present 
ICH RES we mci cio Fair Present, but not serious 
GvypsumNo.1'Good Present, hut not serious 
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We shall continue this part of the investigation with the same, 
as well as additional varieties, since the only practical way of test- 
ing out the disease resistance of these different kinds of alfalfa is 
to grow them under actual field conditions on infected soil, where 
natural agents are at work. We shall introduce, also, legumes 
other than alfalfa, in order to determine the susceptibility of these 
to the disease, so that we may be in a position to recommend other 
crops as substitutes where the land is so badly infected as to make 
profitable alfalfa growing no longer possible. 


PREVENTION AND TREATMENT. 


Where the areas under cultivation reach such tremendous pro- 
portions as the alfalfa fields on the mountain ranches, all schemes 
for soil sterilization are obviously impracticable at the outset. The 
same may be said of the use of germicides to be applied to the plants 
either in the form of sprays or otherwise, for even though some 
such means should be discovered by which the infection could be 
prevented, the cost would undoubtedly make it prohibitive. Ob- 
viously, then, as stated before, the only practical way of combating 
and controlling the blight is by the introduction of resistant varie- 
ties. What is being done in this direction has been mentioned 
before. 

Our field observations during the past year seem to indicate 
that immunity to the disease is closely related to resistance to late 
spring freezing. On the one hand, those plants which were severely 
injured by the late spring frost were, without exception, the first 
to show the disease and were the worst infected later in the season; 
on the other hand, those varieties which grew from hardy stock and 
which suffered only slightly from the frost, were more nearly free 
from the blight. This coming year we shall endeavor to determine 
whether the relation between disease resistance and frost resistance 
is a constant one, and if it proves to be such, then we shall attempt 
to stamp out the trouble by securing frost resistant varieties. 

In the meantime, we recommend, as a means of control, that 
the frosted alfalfa be clipped as soon as one is reasonably certain 
that there is no more danger from frost. By this means, the frost 
split stems, in which the disease appears to originate, will be gotten 
rid of, thus affording an opportunity for the early growth of a new 
cutting. ‘Prof. P. K. Blinn, who has charge of the Experiment 
_ Station work at Rocky Ford, informs the writer that this practice 
of early clipping to remove the frost bitten shoots, which retard 
growth, is rapidly growing in favor among the farmers in his 
locality. 
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EXPLANATION OF PLATES, 


PLATE I.—Fig. 1, Ps. medicaginis, n, sp.; 24 hour agar culture 
stained with aqueous fuchsin; original x 1,000, reduced by engraver 6:5 

Fig. 2, Ps. medicaginis, n. sp.; 48 hour agar culture stained with 
aqueous fuchsin to show the formation of filaments; original x 1,000, 
reduced by engarver 6:5. 


Fig. 3, Ps. medicaginis, n. sp.; surface agar colony 7 days old, photo- 
graphed by transmitted light to show concentric rings of growth; original 
x 20, reduced by engraver 6:5. 

Fig. 4, Ps. medicaginis, n. sp.; surface agar colony 7 days old, photo- 
graphed by reflected light; original x 20, reduced by engraver 6:5, 


PLATE II.—Fig. 1, Ps. medicaginis, n. sp.; agar colonies 7 days old 
showing deep and surface colonies by transmitted light; original x 20, 
reduced by engraver 3:2. 

Fig. 2, Ps, medicaginis, n. sp.; agar colonies 7 days old showing 
deep and surface colonies by reflected light; original x 20, reduced by 
engraver 3:2. 

Fig. 3, Petri dish showing pure culture of Ps, medicaginis colonies 
2/3 natural size; original x 1, reduced by engraver 3:2. 

PLATE III.—Fig. 1, Alfalfa stem, inoculated by smearing the 
freshly scraped stem with a 48 hour agar culture of Ps. medicaginis, x 2; 
40 days after inoculation. 

Fig. 2, Diseased alfalfa stem showing the yellowish, olive green 
color, characteristic in the early stages, x 2. Wield specimen, natural 
inoculation, 


Fig. 3, Diseased alfalfa stem showing the blackened condition in the 
late stages of the blight, x 2. Field specimen, natural inoculation. 

Fig. 4, Alfalfa stem, inoculated with a 48 hour agar culture of Ps. 
medicaginis by means of needle pricks, x 2; 15 days after inoculation, 

Fig. 5, Alfalfa leaf showing diseased, yellow areas, apparently of 
water pore or stomatal infection, x 2. Field specimen, natural inocula- 
tion. 

NOTH.—Figs. 1 and 2, Plate I, were made by the writer with a 
Leitz Photomicrographic apparatus in connection with the Leitz micro- 
scope, 1/12 oil immersion objective, eyepiece I; Welsbach gas light; 
Cramer’s Medium Isochromatic Plates. Figs. 3 and 4, Plate I, and Figs. 
1 and 2, Plate II, were made by the writer with the Leitz Photomicro- 
graphic apparatus in connection with a Leitz Microsummar, 35 mm., f:4, 
5. Plate II]. was prepared by Miss M. A. Palmer and Prof. B, O. Long: 
year from fresh material. 
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STEM BLIGHT 
A New Bacterial Disease of Alfalfa* 


By WALTER G. SACKETT, 


HISTORY AND DISTRIBUTION. 

In May of 1904, Hon. J. L. Chatfield, who resides at Gypsum, 
Eagle County, Colorado, observed that while the stand of alfalfa on 
his ranch was good, much of it was shorter than it should be at 
that time of the year, and that here and there plants were dying. 
He reported this condition to the Experiment Station at Fort Col- 
lins, and in response to his request, Professor Paddock and Profes- 
sor Gillette visited his fields. They examined a number of plants. 
but they were unable to give any decisive answer as to the exact 
cause. Occasionally, worms were found in the crowns and in the 
roots, and by splitting the latter lengthwise, numerous dark streaks 
could be traced through the tissue. A few crowns were blackened, 
as well as some of the stems, but this discoloration was looked upon 
as due, possibly, to insect work, although no specific insects coull 
be found at that time. 

The following year, there was practically none of the trouble 
to be seen in the whole valley, which has an area of at least five 
thousand acres, more than one half of which is in alfalfa, 

The next year, however, 1906, the conditions were worse than 
ever before and the universal complaint among the farmers was 
that there was “something wrong with the alfalfa.” Professor 
Paddock again visited Gypsum, and at this time the blackened stems 
were very abundant and much more conspicuous than when he was 
there before. He brought back specimens of this material to the 
college and a microscopic examination satisfied him that, in all 
probability, the trouble was of bacterial origin. As a result of these 
findings, in November, 1906. Professor Paddock (1) called atten- 
tion to a new alfalfa disease occurring in certain parts of Colorado, 
which was different from any previously described malady and 
which, from all appearances, was not related to either leaf spot or 
mildew. 

The disease has spread with increasing severity until at the 
present time it is a very difficult matter to find one acre of alfalfa 
land in the whole valley which is entirely free from the trouble. 
The loss in tonnage for the first cutting is estimated at eighty per 
cent, or the crop is only one-fifth of what it was in former years. 
The disease became so serious in 1907 that it was thought advis- 


* This is an abbreviated edition of Bulletin No, 158, entitled A Bac- 
terial Disease of Alfalfa. The former includes detailed description of the 
causal bacterium and inoculation experiments. Bulletin No, 158 will be 
sent on request, 

(1) Press Bulletin No. 28, Colo. Exp. Sta. 
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able to make the study of this malady a theme for special research. 
Accordingly, May 1, 1908, the writer began an intensive investiga- 
tion of the trouble and during the past year has been occupied with 
laboratory, greenhouse and field experiments bearing upon the 
cause and possible remedies for the disease. The results of this 
work are given in the pages which follow. 


DISTRIBUTION. 


Within the state of Colorado, the disease occurs generally 
throughout the Gypsum Valley in Eagle county, to a somewhat 
less extent in Garfield county, and at Rocky Ford in the Arkansas 
Valley. Prof. W. Paddock has noted it in the Plateau Valley, Mesa 
county, and between Hotchkiss and Paonia in Delta county. 

So far as our present knowledge goes, it has not been seen in 
the San Luis Valley, or in the Boulder, Longmont, Loveland, Fort 
Collins and Greeley districts. 

In our neighboring states, what appears to be a similar bacterial 
disease has been observed by Professor Northrop in Utah, by 
Professor Wooten in New Mexico, by Professor Wilcox in Ne- 
braska, and by Professor Roberts in Kansas. Its occurrence is re- 
ported as negative by Professor Nelson for Wyoming, by Professor 
Kennedy for Nevada, by Professor Lewis for Oklahoma, and by 
Professor Ball for Texas. 


DESCRIPTION OF THE DISEASE. 


When a field suffering with this bacterial trouble is viewed as 
a whole, about the only comment which could be made is that the 
growth is short and the alfalfa is a little off color. The rich, dark 
green color in the leaves is absent and the juicy, succulent appear- 
ance of the stem, so characteristic of a thrifty stand, is wanting. 
The plants tend to grow more spindling; the leaves often appear 
dwarfed, narrow, light green and have a tendency all along the 
stem and in the growing tip to remain partly closed just as they do 
in cold or dry weather. 

The disease is primarily a stem infection and it is here that 
we find the most valuable characters for diagnosis. In the earliest 
stages, the stem has a watery, semi-transparent, yellowish to olive 
green appearance along one side. This extends down the stem 
from below the point of attachment of a leaf for one to three inter- 
nodes. Again, on another side of the stem, the infection may cover 
two or three different internodes or parts of the same ones. Most 
commonly the first three to five internodes are the worst infected. 
Such stems are usually healthy and normal below the ground. Soon 
after they take on this dark, olive green, watery appearance, there 
oozes out from the diseased tissue a thick, clear, viscid liquid which 
spreads over the stem and collects here and there in little bead-like 
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droplets. This exudate dries in a short time with a glistening 
finish, and gives the stem very much the appearance of having been 
varnished, and where the liquid has collected in little amber colored 
scales and has hardened, it looks as if the varnish had run and 
dried. Stems in this condition have a dry, slightly rough feel to 
the touch. The exudate also dries uniformly over the surface or 
just beneath it, and there produces a dark brown, resinous surface 
which blackens with age. Such stems are very brittle and easily 
broken, which fact makes it almost impossible to handle the crop 
without an immense amount of shattering. 

If the epidermis is scraped from an infected stem, the tissue 
underneath has the same yellowish, watery appearance. This path- 
ological condition extends to the center of the stem and if it is split 
lengthwise, the interior cavity presents a brownish, mealy aspect. 
Such stems will collapse much more readily when pressed between 
the fingers than healthy ones. A shoot in this condition is virtually 
girdled; its circulation is impaired and its food supply is practi- 
cally cut off as is evident from the poor growth it makes. Some 
stems remain in this inactive state and struggle along until the 
mowing machine puts an end to their existence; others turn black, 
shrivel and die six weeks before time for the first cutting. During 
the past season, the disease appeared about May rsth, and up until 
June 10, twenty-six days later, there were no blackened stems to 
be found. During this period, the trouble was manifested by the 
characteristic yellowish green, watery look. 

The leaves attached to the diseased part of the stem usually 
show a watery, pale yellow color at the base, along the mid rib of 
the leaflets, and especially in the tiny petioles. ‘Those on the parts 
of the stem which are blackened are always dried up, yellow and 
extremely brittle. ‘The stipules at the base of the petioles are yel- 
low and brittle and usually show the disease before their correspond- 
ing leaves. 

Sometimes the leaves exhibit the infection independently of 
the stem. In this case the petioles become watery, pale yellow and 
droop. ‘The malady may be confined to the petiole and base of the 
leaflet or it may involve the whole of the blade. Occasionally leaves 
are found where the inoculation has been made, apparently, in the 
margin of the leaflet, and the infection has proceeded toward the 
middle. In such instances, the tender tissue has a watery look, as 
if it had been bruised. These leaf infections have been observed 
to occur a little earlier than the stem troubles, although it may be 
merely a matter of being able to detect the pathological condition 
there first. 

One year old plants may exhibit blackened areas in the crown, 
and black streaks which run down into the tap root. As the plant 
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grows older, this blackening increases until the whole crown be- 
comes involved and either the crown buds are destroyed or the root 
is no longer able to perform its functions, and the plant dies. 

So far as our present observations go, the disease appears to 
run its course with the first cutting, and those plants which have 
sufficient vitality, throw out a good growth for the second and 
third cuttings. Strange as it may seem, there is little or no trace of 
the blight during the remainder of the season, but in the following 
spring, a renewed outbreak may be looked for. The severity of the 
attack seems to vary from season to season. As has been noted 
before, the trouble was moderate in 1904; in 1905 it was practically 
unseen ; in 1906 and 1907 it was extremely bad; in 1908 the attack 
was mild and during the past year there was but little to be found. 
This season the crop was the best that has been harvested for four 
years. ‘This variation in the degree of the attack would seem to in- 
dicate that there may be some relation between the prevalence of 
the disease and the weather conditions, especially late frosts and late 
freezing, intermingled with warm, pleasant days as compared with 
a late, cold spring. Not many plants are killed the first year, but 
they begin to-die after the blight has been prevalent more than one 
season, and after three or four years so many of them may be miss- 
ing that the stand is practically worthless. 

CAUSE OF THE DISEASE. 

If a small piece of the yellowish green, watery tissue from 
a diseased plant, it matters not whether it be stem or leaf, is placed 
in a drop of clean water on a glass slide, there will appear on al! 
sides of it, after half a minute, a dense, milky cloud, which can 
be seen readily with the naked eye, and which slowly diffuses out 
into the drop. When this preparation is examined under the low 
power of the microscope (Leitz Objective No. 3, Eye Piece IV.) 
this milky zone easily resolves itself into swarms of bacteria, which 
under the high power (Leitz Objective No. 7, Eye Piece IV.) can 
be distinguished as actively motile rods, relatively short and thick, 
with rounded ends and occurring for the most part singly and in 
twos. 

If the surface tissue is removed and a portion of the deeper 
layers is examined, identically the same results will be obtained. 
If a fragment of the dried exudate is likewise placed in a drop ot 
water, the whole gradually disintegrates and becomes a milky cloud, 
which under the microscope is a mass of motile bacteria. 

Out of twenty-one infected stems examined and plated at dif- 
ferent stages of the disease, thirteen gave pure cultures of this 
colony in the Petri dishes. In seventeen plates, it was the dominant 
colony. Platings from five different leaves gave pure cultures in 
three cases and in four out of five the above colony was the most 
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abundant. In other words, pure cultures were obtained in 62 per 
cent of the original isolations and in 81 per cent this white colony 
was dominant. In two out of twenty-six isolations or in seven per 
cent, it was absent. Plates made from the moist or freshly dried 
exudate, as a rule, gave pure cultures of the same organism. 

Inoculations have been made upon alfalfa plants, grown under 
greenhouse conditions, with the three different cultures which have 
been isolated during this investigation, namely, the characteristic 
white one, the yellow and the orange, and the only one which has 
produced typical symptoms of the disease, in fact the only one which 
has produced any pathological condition whatever, is the dominant 
white colony referred to so frequently above. Cultures obtained 
from stem, leaf, petiole, or exudate, were equally pathogenic. 

In order to establish further the fact, that this germ was the 
unmistakable cause of the trouble, an alfalfa plant was inoculated 
June 7, 1909 with our present stock culture of the causal organism, 
to which the name Pseudomonas medicaginis, n. sp. has been given. 
which was isolated from an infected stem May 27, 1909. By June 
19, typical symptoms had developed, and plates were made from 
the yellowish green, watery tissue. On June 21, the Petri dishes 
showed a pure culture of the same white colony and the organism 
was reisolated on an agar slant. When compared with the original 
culture, the recovered organism was identical both in the hanging 
drop and when stained with aqueous fuchsin. The reisolated culture 
was again inoculated, June 25, by needle pricks into three different 
stems, and all of the inoculations gave positive results; the needle 
pricks showed a yellow, watery zone around the point of infection 
after nine days, and later turned black. When material from these 
diseased areas was examined microscopically, August 16, the same 
milky cloud appeared in the mount as has been described for field 
material, and swarms of motile rods were visible. 


In all, one hundred and two inoculations have been made with 
this culture, introduced either by scraping the stem or by needle 
pricks, and positive results have been secured with one hundred per 
cent of the infections. Control inoculations -with a sterile needle 
have been carried along with all of the experiments, and in no case 
have any of the check plants developed symptoms of the disease. 


METHOD OF INFECTION. 


In an effort to secure a satisfactory explanation of the method 
of infection, the writer spent over a month in the field where the 
disease is most prevalent. As a result of the daily observa- 
tions and the gross and microscopic examination of more 
than three hundred plants, collected at all stages of the disease, be- 
_ fore it made its appearance and until it was flourishing, he believes 
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the following to be the most tenable and satisfactory solution of 
the question. 

This phase of the investigation was carried on at Gypsum, 
Colorado, where our first observations were taken May 4, 1909; 
this was early in the spring for this locality and altitude (over 6,000 
feet above sea level). The season was considered cold and back- 
ward, and a moderately heavy snow had fallen one week before; 
traces of this were still to be seen in the valleys, and the surround- 
ing hills and mountains were heavily covered. 

The alfalfa was just beginning to grow, the average height 
in the diseased fields being from 1% to 2 inches. Most of the 
plants had a yellowish green color due, presumably, to the cold. An 
examination of the young, succulent shoots showed that the epider- 
mis of practically every one of them’ was wrinkled just below the 
point of attachment of the first four or five leaves, and often this 
wrinkling extended half way to the next leaf below. The epidermis 
was loose from the tissue beneath and appeared to be too large for 
the stem. When this was peeled off, the underlying tissue had a 
yellowish, green color much like the diseased plants, but a micro- 
scopic examination of such material failed to show any micro-or- 
ganisms present. In those parts of the stem where this wrinkling 
was absent, the tissue beneath the epidermis was not yellow, but a 
whitish green. In many plants, the loosened epidermis had the 
appearance of partially collapsed blisters, while around and under- 
neath these blisters the tissue seemed darker than normal and 
watery, with a suggestion of its having been frozen. Numerous 
lenticular breaks occurred in the epidermis of some stems. These 
might have been due to insect work although rather early in the 
season for this. Occasionally stems were found where the wrinkled 
epidermis had split open for a distance of one centimeter, exposing 
the moist pyrenchyma beneath. 

Ten days later, May 14, the epidermis of practically every stem 
in the field was split wide open from node to node over the first 
six internodes, the third to the fifth internodes being the most 
common. ‘This splitting appeared to have begun with the wrinkled 
epidermis mentioned above, and had extended the whole length of 
the internode thereby exposing the succulent, moist tissue beneath 
to infection. It is the concensus of opinion of those who have ob- 
served this phenomenon, that both the breaking away of the epider- 
mis from the underlying tissue and the wrinkling and subsequent 
splitting are caused by freezing. A similar trouble ascribed to freez- 
ing has been observed in cherry trees and less frequently in the 
apple. Here the bark cracks and later splits open, exposing the 
green wood beneath just as in the alfalfa stems. 

Anyone who has ever lived in Colorado is familiar with the 
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soil carrying capacity of our winds, and with this in mind, it is 
easy to understand how germ laden soil might be blown into these 
cracks, where it would adhere to the moist, exposed surface, and 
bring about a fatal inoculation. As a matter of fact, soil was al- 
ways found adhering to these surfaces, and, already, typical cases of 
the disease, were developing. A microscopic examination of the 
tissues from the injured areas usually showed the germs to be 

present in great numbers, while ten days previous, that is before the 
splitting had occurred, there was no indication of any infection. 
Invariably, the disease appeared first and was worst on those parts 
| 


of the stem where the epidermis had split and where soil had been 
caught in the open wound. A striking example of this was seen in 
_ an alfalfa field adjacent to a field which had been cultivated re- 
_ cently and sown to oats. The oat field was on the windward side, 
and with every gust, quantities of fine soil were carried over into 
the alfalfa. All along this side of the field, there was an aggra- 
vated attack of the disease, extending twenty to thirty feet into the 
alfalfa and the whole length of the field. Every plant was gray 
with soil and it is only reasonable to suppose that the disease was 
more severe here than in the more remote parts of the field because 
of the heavier soil inoculation. 
This explanation satisfies one of the most difficult questions 
_ which has arisen in connection with the problem, namely, why does 
the first cutting, alone, suffer from the attack? ‘There are never 
any frosts after the first crop is out of the way, and consequently 
; there are no split stems in which to start the infection. 
In a preliminary report (1), the writer has suggested that pos- 
_ sibly the constant tramping of cattle and horses, pastured on the 
_ alfalfa fields during the winter, might have split open the crowns 
and bruised the young, tender shoots so that during the first irriga- 
tion, soil containing the disease germs was washed into the injured 
tissue and started the trouble on the first cutting. Our observations 
_ during the past season do not warrant such a conclusion in the 
_ majority of cases at least, since, in the first place, the disease was 
active at least two weeks before the first irrigation, and in the 
_ second place, our experimental plats, to which stock had no access, 
suffered just as severely as the fields which were pastured. 
zi Not infrequently, we find the disease at work on stems where 
_ there has been no apparent previous injury to the epidermis; some- 
_ times this assumes the form of a continuous, unbroken infection of 
the whole internode, and again it occurs as separate, punctiform 
lesions giving the stem a speckled appearance. This last condition 
‘would seem to indicate an infection through the stomata, and in- 
-asmuch as we have been able to secure successful inoculations in the 
~ (4) Bulletin 138, Colo. Exp. Sta., Jan. 1909. 
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greenhouse by applying the culture to the unbroken epidermis, it is 
altogether possible that stomatal infections take place under field 
conditions. The leaflets often exhibit yellowish, watery areas along 
the margin and the larger veins when there is no evidence of the 
trouble in any other part of the plant; again, the tiny petioles suc- 
cumb to the disease independently of either the stem or the attached 
leaflets. Water pore and stomatal infection similar to that des- 
cribed for the black rot of cabbage may explain these cases. 

There are doubtless other ways in which infection can take 
place, but the methods described above, especially the inoculation 
through the split epidermis, seem to be the most common. It is 
possible that added observations of another season will give us more 
light upon this point and so rather than draw any final conclusion 
as to the one way in which inoculation takes place in the field, we 
prefer to leave the question open. 


GREENHOUSE EXPERIMENTS. 


The constant occurrence of characteristic white colonies, in 
such a large percentage of our plates, was sufficient to make us 
suspicious that the micro-organisms making up such colonies were 
the immediate cause of the disease. However, the crucial test of 
a pathogenic organism is its power to reproduce the given disease 
when introduced in pure culture into its normal host. Accordingly, 
we have fulfilled this requirement by making a large number of in- 
oculations upon alfalfa plants under greenhouse conditions, and by 
this means we have been able to establish Ps. medicaginis, n. sp. 
beyond the remotest shade of possible doubt, as the unquestionable 
cause of the trouble. We have reproduced the infection in from 
five to seven days with practically its characteristic field symptoms, 
and we have been able to follow its progress through the different 
changes up to the blackening and complete destruction of the stem 
after six weeks. 

In order to determine whether the infection was communicated 
to the plants through the roots, twelve pots were prepared with sick 
soil containing quantities of the diseased stems. Fifteen germin- 
ated alfalfa seeds, which had been sterilized previously in a 1-500 
mercuric chloride solution, were planted in each of the above pots. 
A good, vigorous stand was obtained. The possibility of frozen 
stems was eliminated by growing the alfalfa in the greenhouse and 
the danger from dust infection was reduced to a minimum by keep- 
ing the surface soil in the pots moist. These plants are now sixteen 
months old and up to the present time not a single stem in any of 
the twelve pots has shown any sign of the disease. From these 
results, we can say with a reasonable degree of certainty, that the 
disease is not, primarily, a root trouble, and if the roots do become 


A BACTERIAL DISEASE OF ALFALFA It 


. diseased. the infection must start from the crown and work down- 


ward. 
FIELD EXPERIMENTS. 


Inasmuch as the disease seems to be directly tracable to soil 
infection, and consequently may be considered a soil trouble, the 
only practical method of controling it is by the introduction of 
resistant varieties. To this end we have planted twenty-six varie- 
ties of alfalfa on sick land with the hope of obtaining one or more 
blight resistant strains. ‘The seed for this work was procured from 
the United States Department of Agriculture through Mr. W. J. 
Brand, and planted April 16 and 17, 1907. The ground upon which 
the plats are located is owned by Hon. J. L. Chatfield, and had been 
in alfalfa a number of years, was plowed in the spring of 1905 and 
planted to oats and potatoes; in 1906 again planted to oats an'l 
produced 100 bushels per acre. The rows of the plot are about fif- 
teen rods long and run from east to west. Two rows of each 
variety were planted through the plot, then the series was repeated 
in the same order but only one row of a kind was used. ‘The variety 
designated as Gypsum No. 1 was grown from cuttings which were 
taken from land that had been in alfalfa, and was plowed up be- 
cause of the prevalence of the disease, and planted in oats. These 
plants were very vigorous at the time the cuttings were made. This 
part of the work was begun by Professor Paddock over two years 
ago. 

The following is a list of the varieties which we have used in 


our field tests. 
No. 9451, Sairam. 
No. 11275, first quality commercial. 
No. 12398, from Colorado, 
No. 12409, Utah, non-irrigated. 
No. 12671, from Kansas. 
No. 12702, from Sherman, Texas, 
No. 12747, from Billings, Mont. 
No. 12748, from Germany. 
No. 12784, Utah, irrigated. 
No. 12801, from Texas Panhandle, 
No. 12816, from Chinook, Mont. 
No. 12820, from Nebraska. 
No. 12846, from Kebilli Oasis, Tunis. 
No. 13291, from New York. 
No. 13259, from Nebraska. 
No. 13857, from Simbirsk, Russia, 
No. 17698, from Chinook, Mont. 
No. 18751, from Turkestan, 
No. 19508, from Kansas. 
No. P.L. H. 3251, grown in South Dakota, from Baltic seed. 
No. P.L.H. 3252, also grown in South Dakota. 
No. 9322, from Touggourt. 
No. 12694, from Provence, France, 
No. 9453, from Bokhara, 
No. 184387, from Arizona. 
No. 1, Gypsum, Colorado, from cuttings. 
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A very satisfactory stand was secured with all varieties except 
No. 12,846 and No. 9,322. When the plants were one year old, they 
were examined very carefully for the presence of the disease with 
the result that all varieties but one, P. L. H. 3,251, were affected 
to a greater or less degree. While not all of the plants in each va- 
riety were suffering, some from each, with the exception of the one 
mentioned above, were diseased. ‘Table No. 6, below, gives the 
results of these observations which were made June 20, 1908. 


TABLE NO. 6 


Showing Condition of the Different Varieties of Alfalfa When One Year Old. 
June 20, 1908. 


Variety Stand Vigor prpcd Size of Plants 
9451 |Fair Fair Present |Medium and small 
11275 |\Good Good Present | Variable 
12398 |Fair Fair Hs Variable 
12409 |Good Good ee Large 
12671 Fair Good ef Variable 
12702 fs Fair Variable 
12747 35 Good e Large 
12748 ee Very good oe Large 
12801 sf Fair te Small 
12816 ay Good iN Variable 
12820 it Good a Variable 
12846 |Very poor |Very poor 2 Almost no plants 
13291 |Poor Bair a i Large 
13259 |Fair Fair Y Small 
13857 |Poor Good ee Large, varieties mixed 
17698 |Very good |Good et Low and large 
18751 |Good Good f Variable 
19508 a Fair A Small 
i locked ts oti ieee Very good |Absent | Large 
PP... H. 3252 |Fair Fair Present |Small 
12694 ee Poor Cy Frost bitten, varieties mixed 
9453 Ba Fair " Uarge spreading 
13437 |Poor ao ef Small 
12784 |Fair a iE Variable 
Dee Ban Bor.” ok 3 I eon Sa aiann Er Se No plants 
Gypsum 1 |Very good |Very good |Present |Small 


Similar observations, made June 11, 1909, when the plants were 
two years old, showed that all varieties were affected, including 
P. L. H. No. 3,251, which had promised immunity the previous 
season. At this time of the year, the alfalfa was from ten to twenty 
inches high; the majority of it had a good color, and while the blight 
was present in all varieties, it was not abundant enough to do any 
serious damage to the crop. Only a few stems of each plant were 
suffering and only the lower internodes of these. Such stems had 
the characteristic watery, yellow green color, very little blackening 
having occurred up to this time. Occasionally plants were found on 
which the attack had been so acute that they were entirely destroyed. 
Their location was marked only by patches of dwarfed, shriveled 
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stems, now dried and prostrate. Four of the twenty-six varieties 
were noticibly freer from the infection than the rest, namely, No. 
P2400, No. 12.071, No: 12,784; and P: L. Hi 3)251. It is'a matter 
of considerable practical interest, that the first three of these are 
from seed which we may consider as home grown; the first is from 
Colorado, the second, Kansas; the third, Utah. If we are so 
fortunate as to find high resistance in plants from local seed, the 
question of obtaining resistant varieties will be much more easily 
solved than if we are compelled to breed up a strain from foreign 
seed. ‘Table No. 7 gives the detailed observations on the variety 
plats, made June I1, 1909. 


TABLE NO. 7 
Showing Condition of the Dlfferent Varieties of Alfalfa when ‘wo Years Old. 
June 11, 1909, 
Variety Vigor Prevalence of the Disease 
OAS seas Fair Present 
VIET Seen Fair Present 
T2398: ee Good Present, but not serious 
T2409) eletae Fair Present 
12671.......|Good Present, but not serious 
VW27O2s pecine ss Good Present 
WAG 9 pea ore Good Present 
12748...... Fair Present 
NESE tesins Good Present, but not serious 
TZ801 pisos Poor Present 
ZBL Our cise ss Fair Present 
12820...... |Good Present 
T2846 cess + No plants |No plants 
S20 Nate oie Fair 4 a 
: HOZIU aes oe Att oY ¥ 
NADL ee stay Poor vs c 
W698. is Good ee sg 
} ES le a aS Fair i se 
: ; 19508 .... .|Good ue be 
Jj 3251.......|/Very good |Present, but not serious 
9 ; S28 ZAIRE Fair Present 
s SRA Pa No plants |No plants 
3 AZ694 ahioss Very good |Present, but not serious 
‘ Be ota Poor Present 
Be RSLS oe aia |Fair Present, but not serious 
3 GypsumNo.1'!Good Present, but not serious 


We shall continue this part of the investigation with the same, 
as well as additional varieties, since the only practical way of test- 
ing out the disease resistance of these different kinds of alfalfa is 
to grow them under actual field conditions on infected soil, where 
natural agents are at work. We shall introduce, also, legumes 
other than alfalfa, in order to determine the susceptibility of these 
to the disease, so that we may be in a position to recommend other 
crops as substitutes where the land is so badly infected as to make 
profitable alfalfa growing no longer possible. 
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PREVENTION AND TREATMENT. 


Where the areas under cultivation reach such tremendous pro- 
portions as the alfalfa fields on the mountain ranches, all schemes 
for soil sterilization are obviously impracticable at the outset. The 
same may be said of the use of germicides to be applied to the plants 
either in the form of sprays or otherwise, for even though some 
such means should be discovered by which the infection could be 
prevented, the cost would undoubtedly make it prohibitive. Ob- 
viously, then, as stated before, the only practical way of combating 
and controlling the blight is by the introduction of resistant varie- 
ties. What is being done in this direction has been mentioned 
before. 


Our field observations during the past year seem to indicate 
that immunity to the disease is closely related to resistance to late 
spring freezing. On the one hand, those plants which were severely 
injured by the late spring frost were, without exception, the first 
to show the disease and were the worst infected later in the season; 
on the other hand, those varieties which grew from hardy stock and 
which suffered only slightly from the frost, were more nearly free 
from the blight. This coming year we shall endeavor to determine 
whether the relation between disease resistance and frost resistance 
is a constant one, and if it proves to be such, then we shall attempt 
to stamp out the trouble by securing frost resistant varieties. 

In the meantime, we recommend, as a means of control, that 
the frosted alfalfa be clipped as soon as one is reasonably certain 
that there is no more danger from frost. By this means, the frost 
split stems, in which the disease appears to originate, will be gotten 
rid of, thus affording an opportunity for the early growth of a new 
cutting. Prof. P. K. Blinn, who has charge of the Experiment 
Station work at Rocky Ford, informs the writer that this practice 
of early clipping to remove the frost bitten shoots, which retard 
growth, is rapidly growing in favor among the farmers in his 
locality. 
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EXPLANATION OF PLATE. 


Fig. 1, Alfalfa stem, inoculated by smearing the freshly scraped 
stem with a 48 hour culture of Ps. medicaginis, x 2; 40 days after in- 
oculation. 

Fig. 2, Diseased alfalfa stem showing the yellowish, olive green 
color, characteristic in the early stages, x 2. Field specimen, natural 
inoculation, 

Fig. 3, Diseased alfalfa stem showing the blackened condition in the 
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late stages of the blight, x 2. Field specimen, natural inoculation. 


Fig. 4, Alfalfa stem, inoculated with a 48 hour agar culture of Ps. 
medicaginis by means of needle pricks, x 2; 15 days after inoculation, 

Fig. 5, Alfalfa leaf showing diseased, yellow areas, apparently of 
water pore or stomatal infection, x 2, Field specimen, natural inocula- 
tion. 


SUMMARY. 


The disease has been known in Colorado since 1904, where, in some 
localities, it has caused the loss of practically eighty per cent of the first 
cutting. 


Within the state, it is known to occur in Eagle, Garfield, Mesa, 
Delta and Otero counties. 


The blight makes its first appearance from the first to the fifteenth 
of May, depending somewhat upon the locality. 


The stems appear watery, semi-transparent in the early stages, and 
have a yellowish, olive-green color which soon changes to amber, due to 
the appearance and subsequent drying of a thick, clear exudate. This 
dried excretion gives the stems a shiny, varnished appearance, and a 
slightly rough feel to the touch. These stems blacken in six to eight 
weeks, become very brittle and are easily broken, which fact makes it 
almost impossible to handle the crop without an immense amount of 
shattering. 


The disease seems to run its course with the first cutting, and is 
not seen again until the next year. 


The cause of the blight is a germ, Pseudomonas medicaginis, n. sp.. 
which, presumably, lives in the soil and enters the plants with soil through 
stems which are cracked and split by late freezing. 


No varieties of alfalfa entirely resistant have been obtained up to 
the present time. 


As a means of control, we recommend that the frosted alfalfa be 
clipped, with the mower set low, as soon as it is reasonably certain that 
the danger from late frosts is past. This will rid the plants of the dis- 
eased portions, and afford an opportunity for the early growth of a new 
cutting. If this is done in time, the regular number of cuttings should be 
secured with little or no loss in tonnage. 
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observations on this subject up to the latter part of the year 1909, 
together with those obtained in the laboratories in more detail than 
is absolutely necessary for a general understanding of the subject. 


_ The people in many sections of this State understand per- 
fectly well what is meant by the expression “brown spots.” ‘This 
expression was more appropriate a few years ago than at the present 
ne, for then the term spot described quite accurately the area 
involved, as it does in some instances today. ‘here are, at this 
time, however, areas measured by acres, which the term does not 
describe. What was five or six years ago a spot has now grown 
to involve as much, perhaps, as six, eight or more acres, and the 
use of the term spot is justified only on the ground that it was at 
first used to describe a condition as well as an area. 


_ The condition which it describes is well known to the people 
Of some sections of the State where it appeared a long while ago 
as barren places, or spots, the surface of which had a brown color, 
pometimes they were shining and looked as though they were wet or 
perhaps oily. Some of the worst spots to which my attention has 
been directed appeared as though they had been wetted with a 
hick, black oil. The fact that nothing grew on these spots has been 
used by many correspondents as descriptive of them. These spots 
ecur in a great variety of soils, from heavy adobe to light, sandy 
s and silts. The spots are only local and exaggerated ex- 
sions of a condition which is becoming quite general. I have 
petsons who really knew but little about the matter, though 
assumed to know a great deal, and who have insisted that 
° were seepage spots. It is true that a regular and fairly abund- 
nt ly of moisture seems to be a very favorable factor in the 
levelopment of this condition, but I have not observed it anywhere, 
here there is an excess of moisture, especially at the surface. In 
extremely bad places, I have found a op —— a 
f the ground, inning at depths varying from a few inc 

vO bod 2 tall fect Sietonl the ats I cannot describe in 
ay other way than as muddy. This ground is very soft and wet 
etains the water so persistently that the water runs out of it 
slowly, or so good as not at all. On the surface of such lands 
en find a thin crust and just beneath this 2 mealy mass, some- 
Mes as much as three inches thick This brown color is by no 
cans always associated with this wetness of the soil but is gener- 
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ally, though not always, associated with this mealy, or, as the people 
often describe it, ashy condition. We sometimes find it, the brown 
color, on sandy soils in which we can find no unusual amount of 
moisture until we get down to a depth of six or seven feet or 
strike gravel. 

It might be inferred from what has been stated, that these 
brown spots, or the condition expressed by this term, occur only 
or mostly in low ground. While they do occur very frequently in 
such ground they are not at all uncommon on high ground. I have 
recently found excellent examples of this brown color on the Col- 
lege farm at Fort Collins in land which it would scarcely be pos- 
sible to seep, and I know of a number of such occurrences on high 
mesas from 80 to 150 feet above the river bottoms, which lie 
immediately below them. 


Persons acquainted with our soils know that we have some 
conditions which make drainage very difficult if not impossible. 
In some places, it is necessary to run a drain to almost every wet 
spot in a field or meadow in order to drain it. It is not an uncom- 
mon experience to find a drain within a few feet of a mud hole 
which has no effect on the latter. I recall opening a partially filled 
underdrain, laid at a depth of about four feet. I found it open and 
some water flowing in it, and yet water was standing on the sur- 
face of the ground ten feet away. This water was not due to 
recent rains or irrigation but came from the ground below. A 
gentleman once asked me why his alfalfa was dying, and what he 
should do. I answered: “Drain your land,” to which he responded 
that it was so good as impossible, because one spot in this field 
might be too wet, and the alfalfa perish for the want of water 
within fifteen or twenty feet of it. This man told the truth, im- 
probable as it may seem. Some may think that these brown spots 
are associated with bad drainage. ‘This is not true, for while the 
ground is in some cases muddy, as previously stated, the soil in 
which this trouble is met with is more often well drained. I recall 
three instances in which the soil is sandy or silty and underlaid by 
gravel at from five to eight feet. The brown surface soil in each 
of these cases occurs within three hundred feet of the river which 
is from eight to twelve feet below the level of the land; one could 
scarcely find better drainage than this. In two other cases we dug 
holes, in one of which we struck gravel.with water at five and a 
half feet; in the other we struck neither gravel nor water at a depth 
of seven feet; both soils were sandy. ‘This condition then is not 
restricted to low land; is not dependent upon the variety of the soil, 
unless it be within very wide limits, and is not due to bad drainage 
though it is often observed in low, moist places. 

The brown spots have often been considered as indicating the 


NITRATES IN THE Sort, 5 


presence of black alkali. ‘This is not to be wondered at; in the 
first place the color of the surface soil is suggestive of the name 
and in the second place the bad effects upon vegetation which are 
associated with this color, lead the average man to attribute the 
cause of this to the only agent with which he is familiar, and which 
is believed to be adequate to produce this effect, namely, black 
alkali or sodic carbonate. Another reason which has apparently 
justified this inference in regard to the presence of sodic carbonate 
is the fact that the soil when moistened with an acid effervesces; 
this is due to the presence of calcic carbonate or marl, a form of 
limestone, and is not a proof of the presence of sodic carbonate. 

The appearance of a white coating or efflorescence on the sur- 
face of the soil indicates, with us, the presence of the sulfates of 
lime, magnesia, and soda in the soil and usually an excess of water. 
The excess of water may be very injurious but these alkalis do not 
do any serious damage. These brown spots may or may not occur 
in association with the white alkalis. The intimate association of 
the two is so rare that we may state that they present distinct oc- 
currences. When they occur in the same piece of land, they usually 
occupy distinct areas, the brown being on higher ground than the 
white where there is a less abundant supply of water. 

Concerning the effects of the brown spots there is but one 
testimony, i. e., that nothing will grow. It is common to hear the 
expression that the white alkali is not bad but that the black is 
ruinous. We have had occasion to see the effects of it in many 
places, especially about Grand Junction, during the past season, 
the summer of 1909, when many apple trees and some shade trees 
succumbed to its influence. The effect that it produced was a 
burning of the leaves beginning at the tips, then extending along 
the edges till the whole leaf was brown. Sometimes only a few 
limbs on the tree were attacked in this way but very often all of 
the leaves were attacked and the tree was killed. I saw a great 
many apple trees killed during the summer of 1909 in this manner. 
I know of one orchard from which 110 trees have been removed 
this—the spring of 1910—from another 200; and in another more 
than 200 have been removed or are dead. There are many orchards 
in which a few trees, from one to twenty or more, have died. Fur- 
ther, there are young orchards in which the trees have refused to 
live. I recall several pieces of land which have been reset to or- 
chard, peach, apple and pear several times, as many as eight accord- 
ing to my information, and many of the trees are dead at this time. ° 
The condition indicated by the brown color affects both young and 
old trees. None of the trees alluded to above, as having been 
pulled up, were less than 14 and some of them were 27 years old. 
Some of these trees were nearly two feet in diameter and had 
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yielded as many as fifty boxes of apples at a picking. The young 
orchards alluded to are not confined to one section of the State, 
and I recall at this time nine such orchards. 

The only reason for writing of orchards rather than of other 
crops is that the injury is more obvious in the case of trees than 
of some other crops, alfalfa for instance. Complaint has been re- 
ceived very often that alfalfa is dying in spots. It does not follow 
that every spot of dead alfalfa has been killed by this so-called black 
alkali,but many of those that the writer has seen, have been. The 
same may be said of sugar beets. Sometimes large spots of bare 
ground occur surrounded by a very large growth of tops, with a few 
plants scattered throughout the area, showing a similar luxuriance 
in the growth of the leaves. This condition is, as a rule, associated 
with the brown color of the surface with a slightly incrusted, and 
under this a mealy condition of the surface soil. These are not the 
only questions which have to be considered in regard to the effects 
of this condition on the crops, but they are visible effects which can 
be easily recognized ; the effects upon the quality of the crops grown 
cannot be seen by the eye but must be studied and determined in 
other ways. 

Inasmuch as the injury to the trees observed during the season 
of 1909 did not seem to affect the roots of the trees, I hoped that 
there would be, at least, some recovery in the case of those trees 
which did not die outright at the time of the attack, but observa- 
tions of such trees this spring, 1910, give but little reason to expect 
any recovery. Whether this is due to the fatal effects of the poison 
present last year, or to an injurious supply of it in the soil at the 
present time, I do not know. I cannot candidly state that I have 
seen a single case of recovery but I have, on the other hand, seen a 
number of cases in which there is no reason to expect the trees to 
live. 

We have now stated something about the occurrence and dis- 
tribution of these brown spots, their appearance and visible effects 
upon vegetation. We do not know when they began to appear but 
some of them have been observed for several years past. This con- 
dition is rapidly becoming more prevalent. ‘The land occupied 
by the orchards referred to as having been seriously injured in 
1909, had evidently not been in such bad condition before during 
the time that they had occupied the land, from 14 to 27 years in the 
different cases. 

The people very generally refer to the spots as “black alkali 
spots,” but there is no sodic carbonate or only a very little of it in 
such spots and the color is not due to dissolved humus as would be 
the case if black alkali were present. These black spots, moreover, 
are only very extreme cases of a condition which is very widely 
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distributed throughout the cultivated sections of the State. ‘The 
brown streaks often seen around the edge of a wet place in some 
lawns, or along the margins of an irrigation furrow, are in very 
many instances due to the same cause. ‘The writer has found very 
marked examples of this on the College farm this season, and has 
seen it occurring abundantly in other parts of the State. 

Many people imagine that this black alkali is brought to the 
surface by water rising from below, such is not the fact as follows 
from the consideration of the general distribution of this same color 
in places where there is no rising water plane, others think that it 
is alkali dissolved out of other lands and brought into these places 
by seepage water, but this notion is refuted by the occurrence of 
just such brown spots on mesas which are themselves the highest 
cultivated lands in the section. 

The most of us think of the soil as a mass of very small parti- 
cles of rocks and some moisture which furnishes physical support 
and sustenance to the plants that grow in it, and nothing more. We 
do not think of it as teeming with life, but it is. Some of this life 
is beneficial to the growth of the cultural plants which furnish us 
our food and pleasure, but some of it is indifferent or perhaps pre- 
judicial. Most of us have, during the past few years, heard of the 
part played by certain germs, which acting in succession effect the 
conversion of organic nitrogen, vegetable or animal, into nitric acid 
forming nitrates in the soil, in which form the nitrogen is taken up 
by the plants. This change of organic nitrogen, either of vegetable 
or animal origin, into nitric acid or nitrates, is called nitrification, 
and consists, as intimated, of several separate processes. ‘This is 
not the only process going on in the soil which is dependent upon 
the presence of germ life. or micro-organisms. Among others is 
one which has to do with the building up of nitric acid or the forma- 
tion of nitrates. The preceding process, nitrification, depends upon 
the vegetable or animal matter in the soil for its supply of nitrogen 
and there are three steps in the process of converting it into nitric 
acid, but in this one the source of the nitrogen is the atmosphere and 
the agent which takes the nitrogen from the atmosphere and con- 
verts it into nitric acid, respectively nitrates, is also a germ that 
lives in the soil. There is a number of species of this germ, one of 
‘which produces a brown pigment. This germ is abundant in our 
soils and apparently grows with great luxuriance. The brown color, 
whether in spots in a field or on the side of an irrigation furrow, or 
as a broad zone about the edge of a moist spot. is of itself not in- 
jurious but it is usually conclusive testimony of the presence of this 
germ, and a sample of soil taken from such a place will readily 

react for nitric acid. ‘These germs are not necessarily detrimental 
to our trees and crops. If they would produce only just enough 
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nitric acid or nitrates, they would do us a great service, but they 
have built up too much of these compounds in many places. ‘The 
brown color is not due to the presence of the nitrates, for they are 
colorless, but to a coloring matter formed by these germs. This 
coloting matter is soluble in water and may be partially, or at 
times possibly wholly, washed into the soil with the nitrates. The 
brown spots and soils scattered throughout our valleys and irrigated 
sections have been the cause of many inquiries during recent years. 
There are some instances in which the color may not be due to 
these germs but they are the cause of almost all of it. ‘This is not 
the only germ which converts the atmospheric nitrogen into nitric 
acid or effects the fixation of nitrogen, as it is designated, but it 
is a common one in our soils. 

It is not the brown color that does the damage, but it is the 
nitrates which are formed by the same agent in quantities large 
enough to kill the trees and other vegetation. It is the nitrates that 
produce the mealiness of the soil, at least nitrate or soda applied to 
the soil produces the same condition. Nitrate of soda applied to 
apple trees in excessive quantities, produces a burning of the leaves 
and the death of the tree in a manner similar to that shown by the 
trees in the orchards. 

The amounts of nitrates found in the various samples of soils 
taken from affected areas strike one as almost incredible. We found 
in a sample of surface soil 6.54 per cent of sodic nitrate. This is 
the largest amount found in any sample and indicates the presence 
of nearly eleven tons in an acre of ground taken to a depth of one 
inch. Many samples indicate the presence of extremely large 
amounts of nitrates in these soils. 

While these nitrates in small quantities are beneficial to vegeta- 
tion they are poisonous when applied in larger quantities. ‘The 
death of trees, for instance, was due to excessive quantities of ni- 
trates formed in the soil. 
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MATERIALS USED IN CONSTRUCTING CEMENT 
: AND CONCRETE FENCE POSTS* 


By H. M. BAINER and H, B. BONEBRIGHT 


Peek > 1. 
GENERAL STATEMENTS 


Cement.—In cement fence post construction, it is desirable 
that the post be made as light and as strong as possible, and thus 
it is practical to use nothing but the best grade of Portland 
cement. 

Sand.—Clean, sharp sand with grains varying in size from 
small to large makes the best mixture. Sharp sand is composed 
of sharp, angular grains of all sizes and makes a better mixture than 
that which is smooth and round, or “river-worn.”’ 

A sand composed of fine and coarse grains mixed, is to be 
preferred, because less cement will be required to fill the voids than 
either used by itself. 

Leaves, sticks, stones or gravel should be removed by screening. 

Gravel—— The same general rules used in the selection of a 
good grade of sand will apply to gravel. It should be composed 
of clean, sharp pebbles of all sizes. For post construction, the 
pebbles must not be too large, as they will interfere with the proper 

_ placement of reinforcement. 
Broken Stone-—Broken stone used for post construction 
must contain no large pieces as they will interfere with the place- 
_ ment of the reinforcement. It is necessary to use some sand with 
_ the stone to fill voids and thus save cement. It is not desirable to 
_ use soft sandstone, soft limestone, slates, or shales. Granites, hard 
_ limestones, and coarse gravel, which has been crushed, is considered 
best. 
Water—The water used in making a cement or concrete 
. mixture should be clean and free from alkali or acids. 
Proportions—On account of the difference in the total 

open space or voids in sands or gravel composed of different sized 
particles and also.that more cement is required in some conditions 
than in others, it is often necessary to make a rough determination 
of the percentage of voids to the total aggregate. Where maximum 
strength is required about 10 per cent. more cement should be used 
than the total voids. 

The determination may be made as follows: Secure a water- 
tight box or pail of known capacity, fill it with the aggregate to be 
‘used so that when it has been well shaken it will smooth off even 


x * This bulletin is an abbreviated edition of Bulletin No. 14% of June, 
1909. A large part of the details of the tests have been omitted, but all 
‘ important results are summed up in the tables here presented. 
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at the top. Pour water of known amount into this until full. The 
volume of water used in proportion to the total volume of the 
receptacle determines the total voids. 

The proportions used in the constructions of the fence posts 
in this bulletin varied from I part cement and 3 parts of sand to 
I part of cement and 5 parts sand. In others, gravel was used in 
the proportion of I part cement, 3 parts sand, and 3 parts gravel. 
It is a difficult matter to use broken stone or gravel in large quan- 
tity and place the reinforcement properly. 

Measure all materials in correct proportions. This may be 
done with a shovel, a pail, wheelbarrow, or barrel. It will usually 
be advantageous to measure the water, especially where small quan- 
tities are mixed or where the same amount of mixture is made sey- 
eral times. 


Mixing. —Where the mixing is done by hand, a flat, water- 
tight platform, or shallow box is convenient. Measure the sand 
and place it in a uniform layer and over this spread the proper 
amount of cement. Mix this thoroughly before adding water until 
it shows a uniform color. The rule is to shovel it over at least 
three times. Now spread out the mixture, making a sort of basin 
in the middle into which the greater part of the water may be 
poured. Work in the dry edges until the water disappears, then add 
enough more water in small amounts to make the mixture of the 
desired consistency. Do not mix more material than can be used 
in twenty minutes. 


Poured Posts——There are two general classes of mix- 
tures which may be used in the construction of posts; the poured 
and the tamped. In the poured mixture, enough water is used in 
mixing to make it thin enough to pour from a pail or scoop almost 
like water. ‘The mixture is poured into a mold and allowed to re- 
main in it until it has set, which is from one to five days, depending 
upon the time of year and the weather. In drying summer weather, 
from one to two days is usually sufficient. In cool or damp weather, 
they must be left in the molds much longer. 


In order to make several posts of the poured type at once, it is 
necessary to have several molds ready for use. With 6 molds only 
6 posts could be made at once, and it would be necessary to wait 
until the cement was set before 6 more could be made. 

It was found that to make a good poured post, the mixture 
should be stirred or shaken immediately after placing in the mold. 
This should be done carefully to prevent displacement of reinforce- 
ment wires. ‘This helps to remove the air from the mixture and 
makes a post of smooth finish. 

The experiment showed that a poured post of a certain mix- 
ture was stronger than a tamped post of the same mixture. It is 
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enough stronger to justify anyone in constructing it in preference 
to the tamped one at the necessary additional expense for molds. 
The poured post is smoother, more nearly impervious to water, not 
so hard to cure, stronger, somewhat more expensive, and can be 
better recommended than the tamped one. 

Tamped Posts—The tamped post is one in which the 
mixture contains very much less water than the poured one. It. 
contains just enough water to make it hold together well when 
tamped. In the manufacturing of this type of post, only one mold 
is necessary. ‘The mixture is tamped into it, and the sides of the 
mold can be removed immediately, the post remaining on the bot- 
tom piece until the cement has set. Thus the same mold can be con- 
tinuously used for making as many posts as are desired. The ne- 
cessity for but one mold makes this type of post less expensive than 
the poured one. ‘The results of the test made, show that the tamped 
post is inferior to the poured one and cannot be placed in an equal 
class with it. 

On account of less water being used in the mixture for a 
tamped post than in the mixture for a poured one, the tamped post 
requires more water and attention in curing. It is of more open 
texture, less impervious to water, not as strong, and not as desir- 
able as the post of the poured type. 


Molds For Tamped Posts—In this class of molds we find 
mostly the heavy cast-iron forms which are built of strong 
and heavy material. The most of these molds are designed to be 
laid upon pallettes or upon a smooth floor. ‘The mixture is first 
tamped into the mold to a depth of about one inch. The reinforce- 
ment is then placed and the mold is next filled, and the mixture 
tamped, so that only about one inch of material remains to be 
filled in. ‘The second set of reinforcement wires is put in place 
next and the mold is tamped full to overflowing. The last step con- 
sists in smoothing off the top of the post with a trowel and re- 
moving the mold. This is done by unfastening some form of hook 
or clasp, slipping the sides of the mold a little distance away from 
the post, and then removing the molds to the position chosen for 
the next post. 

The principal advantage of these molds lies in the fact that 
they being made of heavy iron need no center stays. This gives 
greater speed in operation, due to the fact that there are no cross 
pieces to interfere with the placing of the reinforcement, the tamp- 
ing of the mixture, and the smoothing off of the top of the post at 
the finish., 

Molds For Poured Posts—The more common forms are 
made of sheet iron, either galvanized or plain. For posts having 
a continual taper from top to bottom, sheet iron molds prove very 
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satisfactory, providing sufficiently heavy mate is used in their 
construction. 

The advantages of the sheet iron mold are many. They are 
light to handle and easy to keep clean. If properly made they are 
nearly water tight. This insures the user against the possible loss 
of cement by leakage. Another marked advantage of the sheet-iron 
mold is that the surface being smooth, imparts a very smooth, 
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Figure I, 

A Home Made Mold Giving the Proper Shape to the Post.—1. Base 
fastener. 2. Base end piece. 38. Ground line fastener. 4. 4, ete. Tie 
hole pins. 5. Top piece pin. 6. Top end piece. 7. Top fastener, A. 
Side of mold. B. Pallette. 


nae finish to the surface of the post. This not only adds beauty 
to the post, but aids in keeping out water, which might otherwise 
enter the cured post. . 

As the sheet-iron molds are made in one. piece, no pallette is 
necessary. In hot weather the post may be removed after 48 hours, 
but in cold weather a much longer time is required. 
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In making poured posts in these molds exactly the same pro- 
cess is followed as with tamped posts in molds of the first class just 
described; with the exception that the mixture is not tamped and 
greater care must be exercised in preventing the reinforcement from 
being misplaced. 

Some forms of wood molds are made and used for the purpose 
of making poured posts only. Any desired form may be given to 
the post by properly shaping the mold. This point, in favor of the 
wood mold, is an extremely important one, as it permits the post to 
be made of uniform size from the bottom to the ground line, but 
with a rapid taper from this point to the top. ‘Then too, the sides 
of the mold ‘may be removed after 24 hours and used again in con- 
nection with other pallettes; while the post which has not yet be- 
come sufficiently strong to be removed from the pallette lies un- 
molested in its original place until it is ready to move. 

Molds which may be used for making either the tamped or the 
poured posts are much the same as the wooden molds for poured 
posts, except that they are stronger. The heavy, cast-iron molds 
could be used in making the poured posts as well as the tamped 
ones, but their original cost make them impracticable. The wooden 
molds serve the purpose equally well and are much cheaper. 

Selecting the Mold—The most important point to be con- 
sidered in selecting the mold is the shape and size of it. Next 
to the shape and size we should look for ease of operation. The 
simple mold almost always proves to be the best, providing it has 
sufficient strength. 

Care of Molds——Before the molds are used they should 
be well coated with some kind of heavy oil. Crude petroleum is 
perhaps the best and cheapest material for this purpose. In case 
the petroleum cannot be obtained, a good oily mixture may be made 
by stirring about two pounds of axle grease into a gallon of gaso- 
line. This mixture is applied to the molds with a brush. The 
gasoline evaporates, leaving a thin coat of axle grease spread over 
the entire surface of the mold. This oily mixture should be ap- 
plied to the outside as well as the inside of the mold, which makes 
it impossible for any of the materia] to cling to it. With the iron 
molds, the oil prevents rusting. In case the molds are made of 
wood, the oil helps to keep out the moisture, thus preventing shrink- 
ing and swelling, and also making them easier to keep clean. 

As soon as the mold is removed from the post all material 
sticking to it should be scraped off and the inside surface covered 
with a thin coating of oil. Great care should be taken not to allow 
the molds to become bruised or dented. If the molds are not to be 
used for a time, they should be thoroughly scraped and oiled, inside 
and out, and carefully laid away. 
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Reinforcement—Cement and concrete work has the prop- 
erty of resisting great, crushing stresses, but when subjected 
to tensile stress the best of it breaks very easily. For this reason 
it becomes necessary to put some material possessing great tensile 
strength into the post, in order that the full crushing strength of 
the cement or concrete may be utilized. Iron is the most satis- 
factory material from which to make reinforcement. The rein- 
forcement should be placed in the post as near the corner as pos- 
sible. This places it as far as possible from the neutral axis thus 
giving it the greatest advantage in strengthening the post. In 
order that the reinforcements may be properly held and protected 
by the cement, it is a good plan to place it from 3% to 34 inch in 
from each side. 

The material used for reinforcement should be strong, light 
and rough enough to permit the mixture to get a firm grip upon it. 
It should be very rigid, with little or no tendency to spring or 
stretch. The experiments showed that ordinary iron or steel wire 
was cheapest, strongest and easiest to procure. In order to provide 
a means by which the cement may cling firmly to the wire, it is 
best to twist two small wires together instead of using one large 
one. 

Curing the Posts—In order for the cement to become 
thoroughly cured or “set” water must be supplied to aid in the 
action. For the first thirty days the posts should be kept wet if 
the best results are to be expected. 

The most favorable conditions for conserving the moisture 
consists in curing the posts in a shed where the wind does not 
strike them. Under these conditions neither the sun’s rays nor 
the wind have a chance to dry out the posts too rapidly. ‘The posts 
should be thoroughly sprinkled every day for at least thirty days. 

Wire Fasteners——An inventor has devised a cast-iron socket 
which is placed in the post. Later the wire is fastened to 
the post by driving a staple into the socket or staple holder. ‘The 
staples pull out easily and the sockets add greatly to the cost of 
the post. 

Another system consists of two staples which have the prongs 
bent to the side. The staples* are placed about one-quarter inch 
- apart, with the prongs projecting to the side. ‘The line wire is 
placed between the two staples and a nail or a piece of wire is 
driven down through the staples, outside of the line wire. As the 
tips of the staple touch the reinforcement wires, direct electric con- 
nections are established between the line wire and the ground at 
the bottom of the post: This, it is claimed by the patentee, insures 
the user against loss of stock by lightning. The system is called 
the “Double Staple.” (See Fig. 2.) 
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A “single staple” may also be used, but the wire is fastened 
to the staple by a small “cold shut link,” or wire ring. The latter 
system is not a very strong method of fastening, owing to the ease 
with which the cold shut links open. (See Fig. 2.) 

Perhaps the most common method of fastening wires to cement 
or concrete posts consists of tying in the line wire to the post by 
means of a piece of smaller wire called a “tie wire” (usually No. 
14 or No. 15 wire). The single tie consists of wrapping one end 
of the tie wire three or four times around the line wire, then 
passing the long end through a hole in the post and bringing it 
around to the face of the post where it is also wrapped around the 
line wire. (See Fig. 2.) 
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Different Types of Wire Fasteners.—A. Home made fasteners. B. 
Commercial fasteners. 


ss 


The tie around post is much the same as the single tie, except 
that the tie wire passes around the post instead of through the 
hole. (See Fig. 2.) Neither the single tie or the tie around post 
are very strong unless the tips of the tie wire are hooked over the 
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body of the tie wire after the wraps have been made. ‘This is known 
‘as the “special tie.” 

The strongest and perhaps the most satisfactory system of 
tying in the wire is the “double tie.” ‘The tie wire is bent into the 
form of a long staple, straddled over the line wire and both ends 
passed through a hole in the post. One end is brought to either 
side and wrapped about the line wire at the face of the post. This 
system insures a solid fastening and is equal in strength to any 
ordinary wood post fastening. 

The holes in the posts are formed by No. 6 wires being placed 
in the post while it is soft. ‘These wires are called “Tie Hole Pins.” 
(See Fig. 1.) They are removed from the poured post after the 
cement has set for 24 hours. The pins are removed from the 
tamped posts immediately before the molds are removed. 

The following table shows the comparative holding strength 
of various wire fasteners, as determined by the tests: 


KIN No. a 
S tRE Requir 
ee Kenan 
See description of sa Post Fivstaner 
New Average of 3 pulls. 
Ordinary 134 inch staple Cedar 425 Staple was well driven into post. 
Single special tie Cement 520 Average of 2 pulls. Fence wire broke. 
Double tie Cement 510 Average of 2 pulls. Fence wire broke. 
Double staple Cement 245 Average of 3 pulls. Staples pulled. 
No. 14 wire 
plain single tie Cement 115 Average of 2 pulls. The wire untwisted. 
No. 14 wire around post | Cement 110 Average of 3 pulls. The wire untwisted. 
Cast staple holder with 
ordinary 1% inch staple 
driven into it Cement 85 Ave. of 2 pulls. Staple pulled out of holder. 
Cold shut-link in 
single staple Cement 83 Link opened in every case. Ave. of 3 pulls. 


Taper of Posts—To obtain the maximum strength with 
the least amount of material, the cement post must be so shaped 
as to have its greatest strength at the ground line. 

By making the post of uniform size from the base to the 
ground line, no material is wasted. The post may then be tapered 
from the ground line to the top. It has been found that in a 5-inch 
post which projects 4 feet above the ground, a taper of one inch on 
each side from the ground line to the top, insures almost equal 
strength throughout. ‘This design gives more strength with less 
material than those with the continuous taper. 
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Pa ETT, 
THE EXPERIMENTS 


These experiments were conducted for the purpose of deter- 
mining the method of building the best posts at the least cost. 

Apparatus—Various commercial molds of different shapes 
and construction were secured. In each of these molds sev- 
eral posts were made in order to determine the practicability of 
the mold; also the best combination of mixtures and reinforcements, 

The Farm Mechanics Department designed, built and used a 
simple home made mold which makes a post of uniform size from 
the base to the ground line with a rapid taper from the ground 
line to the top. (See Fig. 1.) 

A shed which was closed on all sides with a sliding door on the 
east was used as the work and curing room. 

Materials—The sand and gravel used was clean and 
sharp, with all sizes of grains varying from small to large. There 
was a very small percentage of mica in’ the sand, which was objec- 
tionable. One brand of Portland cement was used for making 
all posts. 

A total of 238 line posts and 8 corner posts were built and 
tested during the experiment, the records of which are found in the 
following tables : 

Cost of Materials—In figuring cost of materials the following 
prices were used: 

Sand and gravel, $1.00 per cubic yard. 
_Cement, 60 cents per sack. 

New reinforcement, 4 cents per pound. 

Old barbed wire, 2 cents per pound. 

The Test.—In making the test, the posts were placed under 
as near fence conditions as possible. All line posts were set and 
firmly tamped into the ground so that 4 feet and one inch pro- 
jected above the surface. By means of a wire, a dynamometer was 
attached to the post exactly 4 feet from the surface of the ground. 
A steadily increasing force was applied to the dynamometer by 
means of a block and tackle, until the first visible crack appeared 
in the post when a reading was made. ‘The force was then in- 
creased until the post gave away completely when the final reading 
was made. 

In making the posts enough of the mixture was provided for 
the construction of three posts at once. The three were cured alike 
for 60 days and were tested at the same time. The tables show 
the average results of the test on the three posts as one. 

In the reinforcement the short wires mentioned are two feet 
long and are placed in the post so the top extends about 12 inches 
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above the ground line and the bottom about 12 inches below. One 
of these extra wires is placed in the face side of the post and the 
other in the back, so that they help to bear the strains on the post. 
In case of four extra wires, one is placed in each corner of the 
post with the other reinforcement wires. 


TABLE NO, 1.—Poured and Tamped Posts.* 

Size, 5x5 inches from base to ground line, tapering to 3x3 inches at 
top. Length, 6 feet 6 inches. Cured weight, 115 to 120 pounds. Mixture, 
1 part cement and 8 parts sand by measure. Cost for cement for posts, 
16.2 cents; sand, 3.7 cents. For cost of reinforcement, see table. 


FINAL BREAK 
REINFORCEMENT COST 
Poured Posts Tamped Posts 
Cost of | 
Weight} Cost miata |Pounds Pounds 
Kind of Wire per per ineach | . to Remarks to Remarks 
post post Post | break break 
No. 10,4 twisted | oes 
strands of 2 wires| 2% 10.0 29.9¢ 307 Wires broke | 240 break: 
Wires slipped - 
No. 10, 8 strands and nally Wires slipped, did 
crimped 2% 10.0c 29.9¢ 254 Broke 263 not break 
No. 6, 4 long wires : All wires 
hooked at ends 2% 10.6 30.5¢ | 232 slipped 184 All wires slipped 
| = —_ 
| Wires broke 
New barbed, 4 iB : ? (Post was 130 
long strands 1% 6.6¢ 26.5¢ 188 days old) 123 Wires broke 
Old barbed, 4 
long strands 1% 3.3¢ 23.2¢ 158 Wires broke 128 Wires broke 
7 ee see eae eee 
New barbed, 4 
long and 2 short 2 8.0c 27.9¢ 198 Wires broke 
Old barbed, 4 Nase ee 
long and 2 short 2 4.0c 23.9¢ 200 wites : 
Old barbed, 4 eens 
long and 4 short 2% 5.5¢ 25.4¢ 229 emirates 
No. 10, twisted | Extra wires Extra wires did no 
4long and 2 short] 3 12.0e 31.9¢ 290 did no good 160 good 


* This table is a summary of Tables 1 and 2, Bulletin 148, Colo. Exp, 
Sta. 


Amount of Labor Required for Making Posts—No definite 
statements can be made as to the amount of time required 
to make a cement or concrete fence post. ‘The amount of 
time will vary with conditions, handiness of materials, methods 
of mixing, etc. According to data obtained in the experiment, two 
men mixing by hand, with everything reasonably handy, can make 
from three to five 5-inch poured line posts per hour. Figuring labor 
at $2.00 per day, ten hours for each man, the cost for making a post 
would amount to about to cents each. Three men with a small home 
made mixer and a two horse-power gasoline engine for driving it, 


CEMENT AND CONCRETE FENCE Posts. 13 


would be able to make at least twice as many posts as two men 
working by hand and the cost for making would be very much less. 

The Effect of Alkali on Cement and Concrete Posts.—It has 
been found that some soils contain an excessive amount 
of alkali, which has a tendency to destroy concrete work, 
While no experimental work has been done to test the effect 
of such soils upon cement or concrete posts, it has been conclusively 
proven that cement drain and sewer tiles which come in contact 
with water which has percolated through these alkali soils are soon 
destroyed. 

While it might be possible that the action on cement or con- 
crete posts would be slower than in case of the tiles, it is probable 
that the post would eventually be destroyed. 

For further information in regard to the effect of alkali on 
cement construction see Bulletin No. 69, of the Montana Agricul- 
tural Experiment Station, and Bulletin No. 132, Agricultural Ex- 
periment Station of the Colorado Agricultural College. 

TABLE NO, 2.—Poured and Tamped Posts.* 

Size, 5x5 inches from base to ground line, tapering to 3x3 inches at 

top. Length, 6 feet 6 inches. Cured weight, 115 to 120 pounds. Mixture, 


1 part cement and 3 parts sand, by measure. Cost for cement per post, 
16.2 cents; sand, 3.7 cents. For cost of reinforcement, see table. 


FINAL BREAK 
REINFORCEMENT COST 
Poured Posts Tamped Posts 
Weight} Cost Cost of |Pounds Pounds 
Kind of Wire per per |materialin| to Remarks to Remarks 
Post post | each post | break break 
. Mixture broke, 

No. 10, 4 twisted 2% | 10.0c|  26.9¢ 222 | wires not well 192 Wires 

strands of 2 wires } | placed broke 
No. 6, 4 long wires 2g 1 2 Wi li d 162 Wires 

MGcked At ands 2% 0.6¢ 27.5¢ 222 ires slippe slipped 
No. 10, twisted Mixtures and 

4 long and 2 short . ie fend See wires about equal 
Old barbed 4 long 2% Wires broke, 137 Wires 

strands az gece ee & poorly placed broke 
Old barbed, 4 long Poor wire. Wires 142 Wires 

and 2 short a oe Mes Oe broke a broke 
New barbed, 4 long Wires well placed, 170 Wires not 

and 2 short eZ ae Gas me cement broke well placed 
Old barbed, 4 long 3 196 Wires 

and 4 short 24 Bas ants broke 
New barbed, 4 long % 160 Wires 

strands 1% BS gaec | broke 


* This table is a summary of Tables 3 and 4, Bulletin 148, Colo, Exp. 
Sta. 
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TABLE NO. 3.—Poured and Tamped Posts.* 


Size, 5x5 inches from base to ground line, tapering to 8x3 inches at 
top. Length, 6 feet 6 inches, Cured weight, 110 to 112 pounds. Mixture, 
1 part cement and 5 parts sand, by measure. Cost for cement per post, 17 
pounds, 10.2 cents; sand, 1 cubic foot, 3.7 cents. For cost of reinforce- 
ment, see table below. 


FINAL BREAK 
REINFORCEMENT - cost = 
POURED Posts TAMPED Posts 
37 4 : Cost of |Pounds Pounds 
Kinds of Weight) Cost en 
BESS ica Wate per per |material in) to Remarks to Remarks 
Post Post | each post | break break 
No. 10,4 twisted i i 
rae Mixture broke Mixture not 
seal ad of 2 2% 10.0¢ 23.9¢ 235 (poor) 97 strong enough 
No. 10, twisted * A “| 
, Extra wires did no Posts split. 
Pace and 2 3 12.0c 25.9¢ 220 | good 98 Mixture weak 
Old barbed, 4 F 
long strands 1% o:96 17.2c 113 | Wires broke 117. |Wires broke 
Old barbed, 4 ret 4 Mixture and 
‘ Mixture and wires 4 
long and 2 2 4.0c 17.9¢ 137 | about equal 113 wires about 
short equal 
New barbed, 4 Mixture and wires Mixture and 
long strands} 134 6.6¢ 20.5¢ 123 about equal 108 saa about 
u 
New barbed, 4 5 
f Wires poorly 
one ape. 2 2 8.0¢ 21.9¢ 140 |Wires broke 103 placed 
No. 14, 4 twist- 
es peands oe 1% | 6.6c 20.5¢ 130 |Wires broke . 
No. 14, 4 long 
and 2 short, 3 Wires and mixture 
pee tes strands} 9 8.0 21.9¢ 175 about equal 
eac 


* This table is a summary of Tables 5 and 7, Bulletin 148, Colo. Exp 
Sta. 
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TABLE NO, 4.—Poured Posts.* 
Size, 4x4 inches at base, tapering to 3x3 inches at top, Length, 5 
feet 6 inches. Cured weight, 80 pounds. 


COST OF MATERIAL AND FINAL, BREAK 


REINFO INT 3 “ 
esa eb ye anes Mixture, 1 part ce- | Mixture, | part ce- 
ment and 3 parts ment and 4 paris 
sand, | sand, 
. Cost Cost 
Kind of Wire Weight per| Cost a Material Pounds to |of aterial | Pounds to 
postin lbs-} per Post in Post | break post in Post | break post 
No. 10, 4 twisted ; 
strands of 2 wires 24% 10.0¢ 23.3¢ 183 20.6¢ 168 
Old barbed, 4 long : 
strands 1% 3:3C 16.6¢ 108 13.9¢ 65 
New barbed, 4 long 
strands 1% 6.6 19.9¢ 105 L72h, 88 
No, 14, 4 strands of 3 , 
twisted 1% 6.6¢ 19.9¢ 102 17,2¢ 62 
No. 14, 4 long and 2 
shorts 5 
ort strands of 3 2 8.0c o1.3¢ 18s 


__ twisted 


* This table is a summary of Tables 6 and 8, Bulletin 148, Colo, Exp. 
Sta. 


The Three Cornered Post—The following conclusions are 
drawn after testing 23 triangular posts. Size, 7 inches on 
each side at the bottom, tapering to 5 inches on each side at the 
top. Mixture, 1 part cement and 3 parts sand, by measure. Cost 
of material varying from 14 cents to 19 cents each. 

The three cornered post which is advocated to some extent, 
does not have as many points in its favor as it may seem. In the 
first place an equal amount of reinforcement in each corner of the 
post cannot make a post of equal strength from two opposite direc- 
tions. If a force is brought to bear against one of the flat sides 
of the post towards the opposite corner, the material in the corner 
will crush long before the wires will break on the side from which 
the force is exerted. On the other hand, if a force is brought to 
bear against one corner of the post towards the opposite flat side, 
tle single reinforcement in the corner will break before the unxture 
has begun to crush on the flat side. 

An extra reinforcement in the corner on which the force 1s 
exerted towards the opposite flat side will make it practically as 
strong as the flat side. But when the force is again applied to the 
flat side towards the single corner which is doubly reinforced, the 
mixture in the corner gives away too soon and it is no better than 
with but a single reinforcement. 
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TABLE NO. 5.—Poured Posts. 


Size, 5x5 inches from base to ground line, tapering to 3x4 inches at 
top. Length, 6 feet 6 inches. Cured weight, 115 to 120 pounds. Mixture, 
1 part cement, 3 parts sand, and 3 parts gravel, by measure. Cost of 
cement per post, 14 pounds, 8.4 cents; sand and gravel, 1 cubic foot, 3.7 


cents. For cost of reinforcement, see table below. 


REINFORCEMENT TEST COST REMARKS 
Weight | Cost | pina | ,Wocation of Cost of | New Wire is Fie- 

f ; Break Above ost o ured at 4c per 
Kind of Wire Sa aon rales or Below Materials | 1. and Old Wire 

inLbs. | Ground Line in Post at 2c per Lb. 

4 strands of 2 Ground line Wires broke on 2 
wires twisted Ground line and mixture 
ING: LO0'= 2-2. = 2% 10.0¢ 218 4in. below 22.1¢ broke on one 

4 long and 2 4 in. above 
short twisted 12 in. above 
strands No.10 3 12.0¢ 330 4 in. below 24.1¢ Wires broke 

4 long strands Ground line 
old barbed Ground line 
WATCH suns 1% 3.3¢ 110 Ground line 15.4¢ Wires broke 

4 long and 2 20 in. above Wires broke, 
short old 24 in. above not well 
barbed wire- 2 4.0c 118 15 in. above 16.1¢c placed 

4 long strands 4 in. below 
new barbed Ground line 
Warei.e-ss-c- 1% 6.6¢ 143 Ground line 18.7¢ SWirasibroice 

4 long and 2 Ground line 
short new 3 in. above 
barbed wire- 2 8.0¢ 123 10 in. above 20.1¢ Wires broke 

4 long strands Ground line 
of 3 twisted 27 in. above 
wires, No. 14 134 6.6 123 Ground line 18.7¢ Wires broke 

4 long, 2 short Ground line Mixture broke on 
strands of 3 Tin. below two and wires 
twisted No. 14 2 8.0 143 4 in. below 20.1¢ broke on one, 
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TABLE NO. 6.—Corner Posts. 
Size, 8x8 inches from base to ground line, tapering to 5x5 inches at 
top. Length, 8 feet. Cured weight, 360 pounds, Mixture, 1 part cement, 
2 parts sand, and 3 parts of gravel, by measure. Cured 90 days. Cost 
for cement per post, 51 pounds, 30.6 cents; sand and gravel, 3 cubic feet, 
11.1 cents. For cost of reinforcement, see table below. Test shows pull 
exerted in pounds as by each of two fences pulling at right angles. 


| 
REINFORCEMENT TYPE TEST COST | REMARKS 


au 
: : Weight | Cost | Poured| First | Final : Cost of |All reinforcements 

ahaa of Rein- | per Post | Per or | Crack | Break manors Mater- figured at 4c pound 
orcement Lbs. Post |tamped| in Lbs. in Lbs.| © ?74* |ialper| excepting old 


Post |barbed wire at 2c. 


|Short wires extend- 
2-8 ft. and 2-5 ft. ed from below 
pieces % in.rod ground line to 
on tension side 16 64c |poured} 7200 8500 at brace | $1.057 above brace line 


Short wires extend- 

ed from below 

: ground line to 
Same as above 16 64c |tamped} 5050 5600 at brace 1.057 above brace line 


14 strands old 
barbed wire on | 
tension side. 8 16c |tamped! 6300 7300 at brace 577 Mixture broke 


: 


_ Same as above 8 16c |poured| 5900 7400 at brace 577 Mixture broke 


- 10 twisted 4 in. 
_ strands No. 10. below if 
on tension side 8 32c |tamped| 5400 7300 brace 737 Mixture broke 


| 
: | 4in. 
Same as above 8 32c |poured| 6300 6650 jabovebrace| .737 | Mixture broke 


# Size, 7x7 inches at base, tapering to 5x5 inches at top. Length, 8 
feet. Cured weight, 250 pounds. Mixture, 1 part cement, 2 parts sand, 
and 3 parts gravel, by measure. Cured 90 days. Cost of cement per post, 
36 pounds, 21.6 cents; sand and gravel, 2 cubic feet, 7.4 cents. For cost 
of reinforcement, see table below, 


| 
oa | 


REINFORCEMENT YPE TEST COST REMARKS 


Cost of |All reinforcements 
Mater- |figured at4c pound 
ial Per| excepting old 

Post |barbed wire at 2c. 


Weight | Cost | Poured| First | Final | Location 
Per Post| Per or Crack | Break of 
Lbs.. Post |tamped| in J,bs.| in Ibs,| Break 


Kind of Rein- 


9e . 
4% | 2clb. |poured| 2700 3600 | at braces | $0.33 | Mixture broke 


poured| 3225 4050 | at braces .47 | Mixture broke 


HOLLOW POSTS. 


It has been suggested that the cement and concrete posts should _ 
made hollow. The hollow post would require less mixture and 
would also be lighter. As the material in the center of the post 
es not have a good opportunity to act to the best advantage in 
mpression, it is argued that the strength of the hollow post would 
nearly as great as that of the solid post. 


an each corner 
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In case time is of little value it would probably prove mor 
economical to build hollow posts. As the amount of reinforcemen 
is not affected by the change from the solid to the hollow post, onl 
the saving in cement, sand and gravel need be considered. It is a 
easy matter to compute the saving accomplished by the making a 
hollow posts, and then by knowing the cost of labor, the econom 
of building them may soon be calculated. With cement at 55 cent 
per sack and sand at $1.00 per yard, one cubic foot of 1 to 4 mixtur 
costs 18 cents. Ifa 1% inch hole were to be left in the center of 
post 7 feet long about 1% cents’ worth of material would be savec 
With labor at 15 cents per hour, 6 minutes might be given to th 
extra work of making the post with the hollow core. 

In case of alkali soils the hollow center gives additional ex 
posed surface upon which the alkali may act. In a 4-inch squar 
post with a 1% inch core, the extra surface amounts to about 2 
per cent. of the original lateral surface. 

Finally there is a serious question as to the relative strengtl 
and durability of the hollow post as compared with the solid one. 


CORNER POSTS AND GATE POSTS. 


In the building of a fence with cement or concrete posts, th 
corner and gate posts must be especially strong, so as to prevent th 
pull of the wires coming upon the line posts. All the pull of th 
wires should be borne by the corner or gate posts. With this i1 
mind the designer should aim not only to build a very strong post 
but the system of bracing should receive special attention. 


As the cement posts are not as strong as wood posts, we can 
not use the same bracing systems, which are so commonly in us 
in wood post fence construction. It has been found advisable t 
place the brace so that it supports the post at a point very little, i 
any, above the middle of the post. For the reason that the post 
are strong in compression, but do not stand as intuch pull as wooc 
posts, it proves advisable to place the brace against the brace pos 
at least one foot below the ground line; thus the post distribute 
the pressure at the end of the | brace against an area of ground edt 
to the surface covered on the opposite side of the post. 

There should be several wires connecting the brace post anc 
the corner or gate post together. These wires should be placec 
under the ground at a depth of about one foot. By havine thes 
wires tight the corner post cannot move unless the brace post moves 
and as this is securely fastened to it, the whole becomes a unit 
offering a rigid resistance to the pull of the fence. 

In case of a corner post, the wires may be fastened by wrap: 
ping them around it, but the most satisfactory way is to cast wiré 
staples in the post. ‘These staples should extend into the post fai 
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enough to be wrapped around one or more of the reinforcement 


wires. 


The hinges for gates may also be cast in the posts when it is 
desired to do so. 


Corner and gate posts are usually reinforced in the same way 


as line posts. It is unnecessary, however, to place reinforcement 


Wires on the inner sides of the corner posts, as the outer sides bear 
almost all of the tension. 

With the tapered posts, it is desirable to construct the face 
sides straight; this brings all of the taper on the other two sides. 
Small lugs or shoulders should be cast on each brace side of the 
post, against which the brace is placed. 

The ordinary five-inch line post proves to be strong enouga to 
act as a brace post for an eight-inch corner post. 

The following table gives a summary of breaking strength and cost 


of materials of some of the best poured posts, which were made and 
tested in this experiment. 


aes DESCRIP 4 long 2.| 4 long | 4long | 4 long | 4 long | 3 long | 4 long | 6 jong 

TURE| TION 4 Long | shortNo.| New | Old | 2short|2 short|No. 195<| 4 short old 
No. 10 | 10 twist-| Barbed| Barbed! new old jinsband) old | parbed 

Twisted ed Wire | Wire |barbed | barbed| iron | barbed 


Ground 

line 5x5 | 307 Ibs. | 290 Ibs. | 188 Ibs.| 158 Ibs.| none | 200 Ibs. 

top 3x3 | 29.9¢ 31.9¢ 26.5e | 23.2c | none | 23.9c 
Ground 

line 5x5 | 222 Ibs. | 3221bs. | none | 95 Ibs. | 172 lbs.| 127 lbs. 

top 3x3 | 26.9¢ 28.9¢ none | 20.2c | 24.9¢ | 20.9¢ 
Ground 

i 235 Ibs. | 220 1bs. | 123 lbs.| 113 Ibs.| 140 1bs.| 137 Ibs. 

ieee 23.9¢ 25.9¢ 20.S¢ I7.2c } 21.9¢ 17.9¢ 
B 4x4 | 183 lbs. none | 105 Ibs.| 108 lbs. 

top 3x3 23.3 none 19.9¢_|_16.6¢ 
B 4x4 | 168 lbs. none _ | 88 Ibs. | 65 Ibs. 

top 3x3 20.6¢ none 17.2c | 13.9¢ 
Ground 

line 5x5 | 2181bs. | 2301bs. |143 Ibs. | 110 Ibs.] 123 Ibs.|118 Ibs. 

top 3x3_| 22.1e 24.1e 18.7c | 15.4c | 20.1¢ | 16.1¢ 
es SxS 

op 3x3 
horse shoe | 202 Ibs. 133 Ibs. 157 Ibs. | 148 Ibs. 

shape 23.3¢ 16.6¢ 22:3e | 18.8c¢ 
Triangular ' 

Base 7x7 110 Ibs. 147 lbs. 


top 5x5 18,0¢ 15.90 
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Strength of cement posts compared to new wood posts tested under 
like conditions, 


KIND OF POST SIZE OF POST BREAKING STRENGTH REMARKS 
(1) Best cement post 5x5 in. at ground line 
tested tapering to 3x3 in. at top 322 lbs. 
(2) Cement Same as above 307 Ibs. 
(3) Cement 4x4 in. at base tapering The post was 3.6x 
to 3x3 in. at top 185 Ibs. 3.6in. at ground 
(4) Split cedar (new) 3.6x3.6 in. at ground Same size at ground 
line 613 Ibs. as No. 3 above 
White pine ‘new)| 4x4 in. at ground line 2000 lbs. 
Red spruce (new) 4%x4% in. at ground 
line 2400 Ibs. 
Red spruce (new)} 5x5 in. at ground line 3350 Ibs. 
CONCLUSIONS. 


Poured posts are easier to make than tamped ones. They are some- 
what more expensive because one mold will make but one poured post per 
day, while the same mold may be used for making as many tamped posts 
as the builder can mix and tamp in the same time. 

According to the tests made poured posts are a little over 25 per cent 
stronger than tamped ones of the same size, mixture and reinforcement. 

Poured posts are not so porous as the tamped ones and are therefore 
more nearly water proof, thus making them better able to withstand the 
action of frost and alkali. 
os The poured post is enough better in every respect to justify its con- 
‘struction and use in preference to the tamped one. 

i Most commercial molds make a post which tapers from the base to 
the top, but the most economical mold is one which casts a post as large 
‘at the ground line as at the base, tapering from the ground line to the 
top. For a description of this form of mold, see Fig. 4. 

| The best form of post is one which is equally strong from all direc- 
‘tions, The square, or round post, fulfills this requirement. The tri- 
laneuiar post does not meet the requirements because it cannot be econ- 
omically constructed so as to be equally strong from all directions. 

: To be economical, the amount of reinforcement should be in propor- 
tion to the size of the post and strength of the mixture. See tables, 

The material used for reinforcement should be strong, light and 
rough enough to permit the mixture to get a firm grip upon it. It should 
be very rigid, with little or no tendency to spring or stretch. 

The smooth reinforcement tends to slip even if hooked at the ends. 

Two or more wires twisted together make as satisfactory a reinforce- 
ment as can be obtained. 

Crimped wire tends to straighten and thereby breaks pieces out of 
the post at the point of greatest stress. 

The reinforcement should be placed in each corner of the post at a 
depth of from % to % of an inch from the surface. 

There are several commercial wire fasteners now found on the 
market, the most of which are either cumbersome or expensive. For a 
simple and satisfactory fastener, see cut of fasteners, (Fig. 5, A.) 

The posts should be cured in the shade for at least 60 days, the first 
$0 days of which they should be sprinkled daily. 
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Pig: 1. 


FIG. 1.—A case of dumb rabies. Note the peculiar attitude and the drop- 
ped jaw. Reproduced from K. C. V. C. Bul.—Kinsley & Kaupp. 
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Fig. 2. Fig. 3. Fig. 4. 


FIG. 2.—Section from plexiform ganglion showing degenerative changes 
with round cell infiltration. Babes’ corpuscles. 


FIG. 3.—Nerve cells from Hippocampus showing granular condition o 
cytoplasm. 
a.—Nuclei. 
b.—Negri bodies. 
FIG. 4—Section from Medulla. 
a.—Blood vessel wall. 2 


b.—Red blood cells. 
c.—Perivascular Infiltration. 


RABIES 


3y DR. GEO. H. GLOVER, Head of Veteriniry Dept. and DR. B. F. KAUPP, Patholo- 
gist, Veterinary Dept. 


DEFINITION: Rabies is an acute infectious disease, usually 
ransmitted by the bite of a rabid animal. It effects the cerebro-spinal 
system, and is accompanied by extreme nervous excitability. 


History of Rabies in Other Countries. 


Rabies was recognized as a distinct disease by the Israelites and 
“gyptians as far back as 322 B. C. We find descriptions of it by 
dorace, Celsus, Virgil, and other writers of those times. 

Rabies is most common in the north temperate zone, although it 
nay be found in nearly every part of the world, and from the sea levels 
o the high altitudes. It is usually found most prevalent in the most 
lensly populated districts, where the conditions are most favorable 
or its spread. 

New Zealand, Tasmania and Australia are reported not to be 
nfected with rabies. All animals, and especially dogs, are kept under 
‘trict quarantine for a period which is calculated to exclude the pos- 
sibility of its introduction into these countries. St. Helena and the 
Azores are said never to have suffered from the disease. In many 
serman cities, including Berlin, muzzling ordinances have done most 
o stamp out the disease. Through strict enforcement of the muz- 
‘ling ordinances in England no case of rabies has been reported 
ince 1901, and in Ireland since 1903. It is interesting to note that 
it one time rabies was so common in London that many people were 
ifraid to venture on the streets at night.. In France 1892 cases of 
abies were reported during the year 1907, and in Belgium 226 cases 
vith 179 suspected ones were reported the same year. During this 
ame year 254 cases were reported in Austria, 55 in India (British), 
(825 in Hungary, 7o1 in Italy and 36 in the Netherlands. 


The Prevalence of Rabies in the United States. 


This disease was quite rare in this country till about 30 years ago. 
Since that time new centers of infection have been constantly appear- 
ng. 

The presence of rabies has been positively proven in twenty-two 
tates and probably exists in all. 

In the District of Columbia, during 1907, rabies was identified in 37 
logs, 4 dingoes, I cow, I sheep and 1 cat. During 1905, from one path- 
logical laboratory in Kansas City, 31 cases were reported as follows, 
cat, 1 hog, 1 sheep, and the balance dogs. From this it will be seen 
hat most cases occur in dogs. 


History of Rabies in Colorado. 
The recent outbreak of rabies in Colorado is said to have started 
n Greeley about two years ago, when a dog which had just been 
ought to that place from the east, developed the disease. The in- 
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fected area at this time seems to be confined to the eastern portion of 
Colorado and extends from about 50 to 75 miles north of Denver to 
as far south as Pueblo. The most thickly populated districts of this 
territory, as Denver and its vicinity, have the most cases. 

The beginning of this investigation was on August 31, 1908, when 
a call came from Greeley, where several cases had been diagnosed as 
rabies among dogs, cattle, etc., In this investigation the disease was 
studied in one horse, two cattle, and eight dogs. This covered a period 
of less than six months. Laboratory findings were confirmed by repeat- 
ed animal inoculations. Several people bitten by rabid dogs were ad- 
vised to proceed to a Pasteur Institute and take anti-rabic treatment. 
The mayor and city council upon receipt of an official report that rabies 
existed in that city, enforced a muzzling ordinance. All dogs on the 
highways not muzzled were destroyed. The result of this proceedure 
was that rabies was stamped out of Greeley. 

Later a typical case was received from Loveland. In a few weeks 
two cases came from Longmont, and about ten months later a third 
case. This last, a dog, had bitten another and in thirty-five days the 
dog bitten developed rabies. One case has been received from Fort 
Lupton, one from Platteville, and three from Castle Rock. Two se- 
rious outbreaks of rabies, due to stray rabid dogs, have occurred with- 
in the past few months near Denver. 

Since September, 1909, forty-three animals or their heads have 
been received at this laboratory from Denver. All but one head were 
from suspected eases of rabies. Of these heads two were from cattle, 
one cat, one wolf and the balance from dogs. Of these heads the brain 
of one was in a state of puterfaction and could not be examined and 
six did not show lesions of rabies. The balance, including two heads of 
cattle, showed lesions of rabies. 


Animals Affected. 


All animals may develop rabies when bitten by one that is rabid. 
This includes horses, cattle, sheep, hogs, dogs, cats, pole cats, mice, 
wolves, man, etc. 

Transmissibility. 

So far as has been proven the disease is only transmitted by the 

bite of a rabid animal or by inoculation. 


Virulency of the Saliva. 

The virus may be introduced into an already existing wound 
through holding an autopsy, or by the animal licking a wound. It 
is usually done by the bite of a rabid animal. By careful experiment 
it has been found that the saliva of a dog may contain the virus for 
seven or eight days before developing symptoms of the disease. As_ 
the virus is contained in the saliva, the teeth inflicting the wound carry 
the infection and deposit it in the wound. 

It is a mistake to hasten to kill a suspected dog. The symptoms, 
if any, should be noted, and later, if rabies is diagnosed, the dog may 
be’ killed, and if desired, the head sent to the laboratory for micros-— 
copic examination. 
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Persons or Animals Bitten. 


The wound should be cauterized at once, before the virus has had 
time to find its way beyond the point of reach of the cautery. This 
can best be done by the use of a red hot iron or by the use of dilute 
nitric or sulphuric acid applied deep into the wound with a stick, if 
nothing better is at hand. Nothing short of reaching the entire depth 
of the wound will be effective and this must be done at once. Lysso- 
phobia, or fear of rabies, is common in nervous persons, who have 
been bitten by a dog rabid or normal. Should the dog biting a person 
be found free from rabies after keeping him confined for ten days, or 
a microscopic examination or by rabbit inoculation, the mind of the 
person should be set at ease. Should the dog be found to be rabid, the 
Pasteur Treatment, being a sure preventative when the person goes 
early, should also set the mind at rest. 


Period of Incubation. 

The period from the time the bite is inflicted until the symptoms 
of the disease appear, varies from three or four weeks to several months. 
It is doubtful if any authentic cases have developed after eighteen to 
twenty-four months. 

The length of time that elapses from the bite until the animal 
developes the disease depends largely on two factors: first, the location 
of the wound, and second, the severity of the lacerations. The fact 
has long been established that the virus travels the course of the nerves. 
Thus if the wounds are in the facial regions the course from the inoc- 
ulated point to the brain is short and the disease develops quicker. 
The deeper and more severe the lacerations, the greater the quantity 
of saliva introduced into the wound and the more dangerous it is. 
Thus in scratches the danger is not so great as when the tooth pene- 
trates the flesh. Bleeding has a tendency to wash out some of the virus 
and lessen the danger. 

In dogs, street rabies usually develops in from 23 to 35 days, in 
horses and cattle in from 4 to 6 ‘weeks, in hogs and cats the time is 
about the same as in dogs. Street rabies is that form found from nat- 
ural infection. The virus from one animal may be more or less virulent 
than from another. 

The disease develops in pups quicker than in adult dogs, and in 
children in less time than in adults. In mature people the period of in- 
cubation is from 40 days to three months. While the mortality is 
considered to be 100 per cent., yet, conservative estimates place the 
number of those bitten that develop the disease at 16 to 20 per cent. 
Under certain conditions the percentage runs higher. The clothing 
or the thick coat of hair, in animals, has a tendency to clean the teeth 
of saliva and lessens the probability of infection. 


Dumb Rabies. 
The form known as dumb rabies may characterize the disease 
from the first or may develop in the later stages of the furious type. 
This form of disease runs a more rapid course, and by some is 
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considered to be due to a greater degree of infection. There is a greater 
toxemia. Dogs with this type usually die in:from 3 to 4 days after 
the symptoms have fully developed. 


Symptoms. 

The first symptoms noted will be a change in the disposition. The 
kind playful dog will become morose, fretful, and easily excited. In 
these earlier stages, if running at large, he may pick up and swallow 
sticks, hair, and even stones. There is a tendency to lick and gnaw 
the point at which he was bitten. This part may itch and possibly cause 
pain. He is prone to crawl under the porch or other place and hide a 
part of the time, coming out to eat and again seeking seclusion. At 
this stage he may leave home and bite men and animals that chance to 
come his way. He may return home after several hours in an ex- 
hausted state or he may never return. The jaw drops from paralysis 
and the owner thinks the dog has a bone in his throat. He eats and 
drinks with difficulty or not at all, owing to the partial or complete 
paralysis of the throat. He may bark but his bark is drawn out into 
a long howl. This howl, if once heard, will never be forgotten. The 
dog may still know his master but has a tendency to try and bite or 
attack any one he does not know. Later he does not even recognize 
his master. If in a cage he will bite or snap at any stick poked at him. 
If tied he will try to chew the rope and free himself. The ears may 
be erect and trembly. The dog is ever alert to any noise, and is always 
disturbed by it. He stares, his eyes at first moist later become dry. 
This is due to the cessation of the tear secretion. Finally he becomes 
paralized, first in the hind quarters, then in the fore, and death ends 
his suffering. Oftentimes the tongue is protruded and more or less 
paralized and as a result of exposure to the atmosphere is oftimes dry 
and black. Figure 1, shows a photograph of a dog with dumb rabies. 


Furious Rabies. 

In furious rabies the animal is more irritable than in the dumb 
form. There is a greater tendency to bite. The jaw is not dropped 
or paralized until the very last stages. In the furious type the dog 
may live from six to eight days after the symptoms are well developed. 
Horses and cattle more often develop the furious type. The writer 
has seen a case in the horse, in which an ordinary box stall was not 
strong enough to hold the animal, so furious was he in his spasms. The 
horse makes violent efforts to bite or attack, the cow more often tries to 
butt any animal or person that comes near. 


Post Mortem Findings. 

The dog, or any animal, to be sent to the laboratory should not 
be shot through the brain, as that lacerates the brain and causes hem- 
orrhages into its substances. This greatly interferes with a detailed 
examination. The proper, and one of the most humane ways, is to 
shoot the dog or other animal through the heart. The head should be 
cut off in such manner that three or four inches of the neck remains 
with the head. This enables the securing of the nerve centers for mi- 
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croscopic study. A sectioned surface of the brain is usually dark in 
appearance. Occasionally a bloody spot, small in size, can be seen un- 
der the coverings of the cord. This is especially noticeable from the 
cords of the experimental rabbit inoculations, otherwise the cord 
and brain has a normal appearance. The changes are so slight in 
their appearance that nothing definite can be told short of a microscop- 
ic examination. In the stomach may be found sticks, straws, shavings, 
etc, picked up while running at large. Aside from these substances, 
the stomach is empty. There should be observed an absence of all acute 
diseased lesions, at the autopsy. 


Microscopical Examination. 


For microscopical examination, the brain must be in good con- 
dition. Brains that are in a state of putrefaction cannot be satisfac- 
torily examined. The first definite microscopic lesions of rabies to 
be pointed out, was by V. Babes in 1892. 'He found degeneration of 
the nerve cells in the medulla and the plexiform ganglion. The de- 
generation in the medulla was particularly noticeable near the central 
part of the ganglionic portion. There was observed an invasion of 
small round cells in the spaces occupied by the cytoplasm of the cells. 
These he called rabic tubercles which are now sometimes called Babes 
tubercles or corpuscles. Figure 2 shows one of these tubercles from the 
plexiform ganglion. 

In 1893, A. Negri called attention to certain bodies always found 
in the nerve cells of a dog or other animal dead of rabies. To these 
was given the name Negri bodies. Since that time these bodies have 
been studied in more detail by many scientists and are now believed 
by the foremost workers to be protozoan in nature. Different stages 
of their development have been studied which corresponds to the dif- 
ferent stages of the disease. These bodies stain characteristically. 
They contain eosinophilic granules. Figure 3 shows nerve cells con- 
taining Negri bodies. 

Delafield & Prudden call special attention to the peri-vascular 
infiltration which usually accompaines this condition. Figure 4 gives 
an illustration of this phase. 


Animal Experiment. 


When a person is bitten by a dog suspected of being rabid and the 
laboratory findings are not satisfactory the laboratory worker can, if 
the brain is still fresh and is not contaminated, inoculate an animal. 
In doing this an emulsion is made from a small part of a certain part 
of the brain. The rabbits skull is trephined and a small part of the 
emulsion is injected under the coverings of the brain. If care in tech- 
nique is taken the animal will appear healthy, and eat and drink until 
the symptoms develop, which is usually about the 14th to the 16th 
day. If the technique has been at fault and infection taken place 
the rabbit will die of septic infection long before the time for rabies 
to develop. Freezing does not destroy the virus and it will resist putre- 
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Control and Eradication of Rabies. 

This most terrible disease is the most easily eradicated of all con- 
tagious diseases as shown by the results in England, where rabies once 
prevalent, is now practically unknown. As the spread of the disease 
is by the bite of a dog in practically every instance, the muzzling of 
all dogs with the destruction of those not kept muzzled, is the easy 
solution of the problem. This muzzling must be universal throughout 
the infected district. 


Pasteur Treatment. 


Soon after Pasteur had perfected the vaccine for Anthrax, which 
was about 1880, his attention was called to a little girl in a ward of 
a hospital dying of rabies. As a result of the study that followed, Pas- 
teur by experimenting on the lower animals perfected the vaccination 
method which is still used to vaccinate and protect the lives of people 
when bitten by a rabid dog. As early as 1880 it was a recognized fact 
that drying practically destroyed the virus of rabies. Pasteur took 
advantage of this fact by drying the cord of rabbits dead of rabies, 
over potassium hydrate thus attenuating it, and making a vaccine. By 
injecting a certain portion of the cord, so treated for 14 days, under the 
skin, in the form of an emulsion, followed once a day with a like in- 
jection, gradually using cord’ less attenuated, .in 21 days the person is 
immune from the disease and the treatment is complete. 


Danger of Milk and Meat. 

In regard to the infectiousness of milk from rabid animals it 
must be considered at all times dangerous, as some experiments have 
proven that the milk is infectious.. Some experiments conducted along 
this line have given entirely negative results. The young should be ta- 
ken away from the mother as soon as rabies is found to have developed. 
The milk should never be used for human consumption. So far, all at- 
tempts to produce rabies in experimental animals by feeding them the 
meat of animals cead of rabies have failed. The virus from the brain 
mixed with food has in some instances produced rabies experimentally. 
Rabies has been produced in mice by feeding them rabic brain mixed 
with their food. 
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FARM BUTTER MAKING 


By H. M. BAINER 


Looking at farm butter making from a business standpoint, 
every farmer or dairyman who keeps cows for the butter product, 
desires to make as much and as good butter as possible. There 
are many factors which are likely to produce a second or third grade 
of butter, these must all be taken care of as they come. The ma- 
jority of dairymen are beginning to realize that good butter is 
made only from good cream. The churned butter cannot be better 
than the cream from which it is made. This bulletin is written 
with the idea of giving general information or directions for mak- 
ing a better grade of farm or ranch butter. 

THE DAIRY. 


It is generally understood that the kitchen is not a good room 
in which to ripen and churn the cream. 
A good clean cellar, which is well drained, properly lighted 
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Fig 1—Cement Block Dairy. 


and well ventilated is far superior to the kitchen. A separate room, 
next to the kitchen, with an outside as well as an inside entrance is 
desirable, if used for dairy work only. ‘There are very few 
farmers or small dairymen who feel able to construct a separate 
dairy, although it is desirable. 
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Such a building can be easily and cheaply constructed of solid 
concrete walls or cement blocks, as shown in Fig. 1. Any farmer 
who understands handling cement and can make good forms or 
molds for construction can make a good solid wall concrete dairy 
very cheaply. The walls can be made of solid concrete, 4 to 6 inches 
thick and plastered on the inside with a cement plaster. An ex- 
cellent wall can be made out of a mixture of 1 part Portland cement, 
3 parts sand and 3 parts of gravel, plastered on the inside with a 
mixture of I part cement to 2 parts of sand. The mixture should 
be placed in the forms in a very wet or sloppy condition. Old 
barbed wire, or wire of any kind, placed in the walls as they are 
being constructed, will strengthen them very much, especially at the 
corners. ‘The floor in the dairy room should be constructed out 
of concrete, with a cement surface. 

The separate dairy should be located so that it is handy to 
both the house: and the barn, so that hot and cold water can be 
easily secured, and so that it can be well drained. It is advisable 
to place it near the well so that cold water can be easily secured 
for cooling the milk or cream. It is a good plan to arrange the 
dairy so that all water which is pumped for live stock has to pass 
through a cement tank in the dairy and out through an overflow 
pipe into the watering trough or supply tank. 

Usually a building 1ox12 feet, clear on the inside, will be 
large enough for the average farm dairy. 


CLEANLINESS A NECESSITY. 


If good butter is to be produced, the milk and cream must be 
properly handled. The milk cannot be produced under unsanitary 
conditions and at the same time furnish the raw material for a good 
quality of butter. The reasons for a poor grade of butter are 
‘more frequently found before the milk has been skimmed than 
after. 

The cows should be kept in a healthy condition. The stable 
should be well lighted, properly drained and thoroughly ventilated. 
‘The milker should remember that milk takes on odors very readily 
and that undesirable bacteria and filth which are allowed to get 
into it during the milking period, even in apparently small quantities 
are likely to spoil the product. Some of the greatest sources of 
contamination are the cows, the milker, the stable, the flies, the 
pails, strainer, and the stable air. The dark, unventilated, damp 
stable is the home of disease and germs. On the other hand, plenty 
of sunlight and fresh air is conducive to health and sure death to 
most germs. Everything that falls into the milk, flies, hair, par- 
ticles of dirt, etc., carries with it thousands of bacteria, the majority 
of these being detrimental. Every possible precaution should be 
exercised to keep the milk clean and pure. All dirt should be 
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brushed from the cow before starting to milk and it is often ad- 
visable to wipe the udder with a damp cloth. ‘The milker should 
be clean. The cows should not be fed before milking as it will 
raise a dust which will help carry bacteria into the milk. The 
milk should not be allowed to stand in the stable any longer than 
is absolutely necessary, it should be removed to the dairy room as 
soon as possible and there strained for the creaming process. 

Poor feed, such as musty hay, damaged grain, rotten silage, 
fermented feeds, etc., will.give the milk and butter a bad flavor. 
Again, certain weeds in the pasture, such as wild onions, rag- 
weeds, etc., will produce bad flavors. Poor water for the cows 
also has its effect. 

THE DAIRY UTENSILS. 

All pails and cans should be made of a good grade of tin. 
They should be made of pressed tin or should have the seams 
smoothly soldered over, so there will be no places for dirt to lodge. 
Galvanized and wooden pails are not advisable. The tinware 
should not be allowed to rust and, above all, it should not be used 
for any other purpose. 

All dairy utensils, including pails, cans, separators, churns, 
etc., should be thoroughly washed every time after using. They 
should be first washed or rinsed in cold or luke warm water, not 
hot, as it will cook the milk onto the-tin. After rinsing, wash them 
in hot water, then thoroughly scald with boiling water or steam 
and place in the direct rays of the sun. It is not advisable to dry 
them with a cloth, as they will remain cleaner, if scalded and 
allowed to drain in the sunlight. Do not use laundry soap in 
washing the dairy utensils but rather a good washing powder or 
sal-soda which contains no grease. 

SKIMMING THE MILK. 


There are two general systems of separating the cream from 
the skim milk: The centrifugal or hand separator method and 
the gravity or setting method. The gravity method being again 
divided into three divisions; namely, deep setting, shallow pan and 
water dilution. Taking these all together there are four general 
methods. 

Briefly summarized we give the following statements con- 
cerning each method: 

Hand Separator —This method is, by far, the best. ‘The 
relative skimming efficiency of the hand separator and gravity 
systems as determined by experiments at the Purdue Agricultural 
Experiment Station showing the per cent. of butter fat in the- 
skim milk are as follows: 

Hand separator .02%. 
Deep setting .17%, 8% times the hand separator. 
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Shallow pan .44%, 22 times the hand separator. 
Water dilution .68%, 34 times the hand separator. 

Not only does the hand separator secure practically all of the 
butter fat, but it delivers the skim milk in a sweet, warm and un- 
diluted condition ready to be fed to the calves or pigs. Fewer dairy 
utensils are needed, as the milk is separated as soon as it comes 
from the cow and the skim milk is fed at once. 

Less work is required to handle the milk in this method than 
in others. 

The cream delivered from the separator is of uniform richness 
with much of the fibrous and foreign matter removed. About 50% 


ae 2— Hand Peper ator Ree for Skimming. 
of the total number of germs found in the milk are thrown out by 
the separator into the bowl slime. f 

The milk has had less chance to absorp bad flavors and odorst 
from standing around and the cream is produced in excellent con- 
dition. By using the hand separator, there is a gain in the quality 
as well as the quantity of butter obtained. 

Deep Setting.—In this method, the warm milk is strained into. 
a can, usually of the shot gun type, which is tall and of small 
diameter. ‘This is set into a tub or trough and is surrounded with 
cold water. The milk is usually allowed to set for 24 hours, at 
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the end of which time the skim milk is drawn off through a faucet 
at the bottom, leaving the cream in the bottom of the can. Often 
the can is not provided with a faucet and the cream is removed 
from the surface with a saucer or hand skimmer. Generally, the 
deep setting system produces a better grade of cream than either 
the shallow pan or water dilution systems. ‘The cream is usually 
removed in a sweet condition, less surface is exposed to the drying 
action of the air and the skim milk is in better condition for feed- 
ing, although it is cold and sometimes sour. The cream is not of 
uniform richness and is often not rich enough to churn well. 

Shallow Pan.—The milk is strained into pans or crocks and 
is set in a cool place to cream out. It is sometimes set in cold 
water. It.requires about 36 hours setting and is then skimmed from 
the surface. Usually the cream and skim milk is sour. The cream 
is not of uniform richness, and is often leathery and of a poor 
quality. 

Water Dilution.—The milk is strained into a special can and 
is usually diluted with equal parts of cold water. It is set for 12 
hours and then skimmed by drawing off through a faucet at the 
bottom. This method is poorest of all. Often as high as one-fourth 
of all the butter fat is lost. The skim milk is very poor. The 
calf has to drink two gallons to get one gallon of milk. The 
cream is thin, it has a watery flavor and is often very much con- 
taminated with the impurities of the water. 

The water dilution separator must be considered as a failure. 

The farmer who handles the milk from 10 cows which pro- 
duce 80,000 pounds of milk per year, should not lose over 30 
pounds of butter fat in hand separator skim milk. By good use of 
the gravity methods he would lose from 275 to 600 pounds of 
butter fat in the skim milk. ‘To be sure this is not all lost, espec- 
ially when fed to calves or hogs, but the same food element can be 
much more cheaply supplied, in corn, kafir, or milo. 
SELECTING THE SEPARATOR. 
There are many makes of good separators now found on the 

market which are sold as cheaply as many of the poorer makes. 

Select a “Standard” machine, one that has a good recommen- 
dation and is known to be durable and reliable. Buy a well known 
machine, one that is guaranteed in construction, material and clean 
skimming. as 

Size of Separator—Hand separators may be procured in sizes 
varying in capacity from 150 pounds of milk per hour (18 gallons), 
to 1,200 pounds per hour (144 gallons). The prices vary from 
about $35.00 for the smaller size to $165.00 for the larger size. 

Select a separator with a capacity of not less than 50 pounds 
per hour for each cow milked. A 10-cow herd would then require 
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a 500 pound capacity machine and an 18-cow herd a 900 pound 
capacity one. Don’t make the mistake of getting a machine that 
is too small, as it will take too much time to skim the milk. 


COLLECTING THE CHURNING. 

Cream should be churned at least twice a week during cold 
weather and three times a week during warm weather. The fre- 
quency of churning will depend largely upon the conditions under 
which the cream is collected and kept. Enough has been said to 
show that the kitchen is not the proper place in which to collect and 
keep cream, although it may be necessary, at times, to take it there 
for ripening. 

As soon as the milk has been skimmed, the cream should be 
cooled by setting it in a cold place or by running cold water around 
it. It should be kept in as nearly sweet condition as possible until 
enough has been gathered for churning. After thoroughly cooling 
each skimming of cream, it can be added to the previous skimming. 
In no case should warm cream be added to cold cream, both should 
be equally cold and then they may be put together and thoroughly 
mixed. Every time a new skimming of cream is added to that 
already gathered it should be thoroughly stirred into the cream 
below. None of the cream should be allowed to stick to the sides 
of the cream can or jar above the surface. 

Do not add fresh cream to a batch of older gathered creatn 
later than twelve or sixteen hours before churning, as it will not 
ripen or churn uniformly. 

A refrigerator is a poor place in which to keep cream which 
is being collected for a churning. In the first place, it is usually 
used for keeping a little of everything and a mixture of odors are 
found in it, which will flavor the butter and at the same time give 
it a characteristic refrigerator aroma. Again, the refrigerator 
does not contain enough pure air for cream. About as good a 
method as any, is to place the cream can in a tank of cold water 
and give it plenty of pure fresh air. Keep the cream as cold as 
your well water until within about 12 hours of churning time when 
it may have to be warmed somewhat for ripening. 

RIPENING THE CREAM. 

In order to ripen cream, the temperature must be made favor- 
able to the development of the lactic acid bacteria (those that pro- 
duce the lactic acid or sour the cream). This’ temperature is 
usually somewhat above 60° F’. ‘The object of ripening or souring 
the cream is to produce the flavor and aroma in the the butter, to 
make the cream churn easier and to improve the keeping qualities 
of the butter. The process of ripening largely controls the quality of 
the butter, therefore it must be considered as the most important 
step in farm butter making. 
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Cream that has been gathered by the gravity methods, instead 
of the hand separator will need but very little ripening, and will 
usually not need a starter as it will be sour enough by the time a 
churning has been collected. It must be frequently stirred, how- 
ever, during the gathering period to insure its ripening uniformly 
throughout. 

Separator cream, properly collected and cared for will in most 
cases be practically sweet at the time when enough has been gath- 
ered for a churning. 

Under creamery conditions, in order to quickly ripen cream 
and to be sure that the right kind of bacteria are in it, what is 
known as a starter is added. This starter is nothing more than 
milk which has been properly soured and kept in good condition and 
is added to the sweet cream in small quantity. This not only adds 
the right kind of bacteria for souring the cream but also gives the 
butter maker control of the fermentation process and he is able to 
make a uniform grade of butter out of several batches of cream. 

Under farm conditions, where the milk is under the control 
of the butter maker from the beginning, starters are seldom nec- 
essary. In fact, to keep a good starter under farm conditions of 
churning two and three times a week, is a difficult proposition. For 
farm conditions, the starter cannot be generally recommended. 
although there may be times when they are necessary. For ex- 
ample, it may be necessary in winter months to add a starter in 
order to hurry up the ripening process, or to head off the action of 
numerous undesirable bacteria. 

The starter may be good skim milk or whole milk which has 
been soured under favorable conditions, or it may be ripened cream 
or butter milk from the previous churning. ‘The starter must be 
kept in a cool place after it has been properly soured, until used. 
It should not be allowed to get old or stale, or it will be worse 
than none. One quart of starter thoroughly mixed with six or 
eight gallons of cream which has been warmed to from 65° to 
75° F. should cause it to properly ripen in 12 hours. 

As soon as the cream has become properly ripened, it should 
be cooled to the churning temperature. The farm butter maker 
must judge the degree of ripeness by the taste, aroma and appear- 
ance. Too sour cream makes a strong flavored butter with poor 
keeping qualities, in fact, it produces a poorer butter than cream 
that is not sour enough. 


THE CHURNING PROCESS. 


The Churn.—One of the best types of farm churns is that with 
no inside fixtures, such as the barrel churn. Those churns with 
inside fixtures, agitate the cream in a different way and have more 
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of a tendency to spoil the grain of the butter, they are also harder 
to keep clean. 

At present, there are several churns on the market that are 
guaranteed to get the butter out of the cream in from three to 
eight minutes, these must be considered as frauds. They always 
spoil the grain of the butter and at the same time partly emulsify 
or mix the butter fat and milk in such a way as to make them in- 
separable, thus, producing a salvy or grainless butter of very poor 
keeping quality. 

For dairies, making 75 pounds or more of butter per week, 
there is no doubt but that the small combined churn and worker 
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Fig. 3—Churning with Barrel Churn. 


will prove more satisfactory than the churn and worker separate. 
The combined churn and worker is used altogether in creamery 
practice. 

A common error is made in securing churns that are too small. 
The churn should never be filled more than half full of cream and 
one-third full is better. 

Temperature.—Every butter maker should secure a good dairy 
thermometer and then use it. One of the main causes for having 
to churn from one to several hours, is that the cream is not at the 
right temperature. With a temperature of from 52° to 60° F., 
butter should be produced in from 25 to 40 minutes, providing 
the other conditions are right. 

After the cream has been ripened it should be cooled to the 
churning temperature and then held at that temperature from one 
to three hours before churning. 


Churning.—The churn should be first scalded and then thor- 


oughly cooled with cold water. 


j 
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It is very important that all cream be strained into the churn. 
This will remove all clots and particles or curd and there will be 
less danger of white specks in the butter. It is not uncommon to 
find flies, solid impurities, etc., in the cream, even if handled with 
the best of care. 

Do not fill the churn much over one-third full, but rather give 
the cream room for agitation, which helps to insure quick churn- 
ing. Turn the churn just fast enough to give the cream the greatest 
amount of agitation. In case a barrel churn is used, turn it so the 
cream has time to fall from one end of the churn to the other, with 
a distinct thud. 

Coloring.—In order to make a uniformly colored butter for 
the entire year, some color must necessarily be used. Very little 
will be required during the spring and summer months when the 
cows are getting green feed. During the fall and winter months 
more color will be required. No harm is done by moderately 
coloring butter with a good standard color, of which there are 
several brands on the market. Colored butter can be sold for a 


Fig. 4—Taking Washed Butter from the Churn in Granular Condition. 


very much better price than that not colored. White butter is not 
nearly so appetizing and good in appearance as that which con- 
tains color. 

The color should be added to the cream in the churn before 
starting to churn. : 

When to Stop Churning—The old practice of churning until 
all the butter has gathered in one body in the butter milk cannot be 
considered a good one. In this way too much butter milk is mixed 
into the butter’ which cannot be worked out or washed out, this not 
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only gives the butter a poor flavor but poor keeping qualities as 
well. 

The butter should be gathered until the granules become about 
the size of a grain of wheat. Then draw off the butter milk through 
a strainer and wash the butter. If the butter is gathered in larger 
grains or chunks it will be found harder to properly salt, and at the 
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Fig. 5 —Butter on Table Worker just from the Churn. 
Condition. 


Note Fine Granular 


same time there will be more danger of mottled or spotted butter. 
It is generally understood that an uneven distribution of salt is 
largely responsible for mottled butter. 

Washing the Butter.—After thoroughly drawing off the butter 
milk, the butter should be washed in good clean and pure well or 
spring water. Under good churning conditions, the temperature 
of the wash water should be about the same as the butter milk. If 
the butter comes too soft, use water that is colder and if it is too 
hard, use water slightly warmer. 

Pour the wash water into the churn over the butter and turn 
the churn but four or five quick revolutions. ‘Then draw off the 
first wash water and put on the second and turn churn as before. 
If the butter is hard enough after the second washing, draw off the 
water at once and the butter is ready for salting. 

Salting and Working.—lf the butter has to be salted and 
worked outside of the churn, it should be taken out in the granular 
condition and the salt should be added before it has been worked 
at all. Nothing but a good grade of dairy salt should be used. As 
a general rule, about one ounce of salt is added for each pound 
of the granular butter. The salt should be worked through the 
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butter with a ladle or some good type of worker and not with the 
hands. ; 

The best way to work butter outside of the combined churn is 
by use of the small table worker. Next to this, is the butter bowl 
and ladle. 


A 


Fig 6 —Working Butter in Butter Bowl. 


One working, at the time of salting, is usually sufficient, pro- 
viding the butter is hard enough when removed from the churn 
and providing, also, that it is worked in a cool place. If the butter 


2} wit Yas Ul 


Fig. 7—Working Butter on Table Worker, a Better Method 
than with Butter Bowl. 
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becomes too soft before the process of working is completed, it can 
be set away in a clean, cool place for a short time, until it gets hard 
enough to finish. 

The butter maker will have to judge by taste, distribution of 
salt, and general appearance, when the butter has been worked 
enough. Butter has usually been worked enough when the salt 
is evenly distributed and when the water has been sufficiently re- 
moved so that the butter will bend without breaking, when rolled. 
Too much working will spoil the grain of the butter and make it 
salvy; while leaving too much water in it will tend to spoil its 
keeping qualities. 

Printing —Butter should be packed or printed as soon as it 
has been worked sufficiently, after which it should be put in a 
cool place until taken to the market. 

The appearance of the package, as well as the way the butter 
is printed or packed, has a great deal to do with the selling price. 
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Fig. 8—Printing Worked Butter in 1-lb. Bricks. Note Parchment Paper ; 
Wrapper. . 


The country roll must be considered a thing of the past. The one 
pound brick print which stamps the name or brand of the maker in © 
the surface of the butter is one of the most popular types of package. — 
Instead of this, it may be better to put up the plain pound print and ~ 
wrap it with a printed parchment paper which shows the name of — 
the maker and the brand or quality on the outside. 

WHY DO I HAVE TO CHURN SO LONG? 


1.—The cream should be churned at a temperature of 52° to i 
60° F. depending on the time of year and the room temperature. - 
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In winter this temperature may run from 57° to 60°, especially 
if the room in which the churning is done is cool. In summer the 
temperature should be somewhat cooler, 52° to 57°, especially if 
the room is warm. Ifthe cream is too cold, it will foam and expand, 
and sometimes the churn will get too full. When this takes place 
little can be done, except to allow the cream to stand for some- 
time, or to warm it gradually four or five degrees before starting to 
churn again. There is less danger of the cream foaming in revoly- 
ing churns, such as the barrel churn, than there is with the dash 
churn, or almost any other class of churns. 

2.—The cream may be too old. It should be churned at least 
twice per week, even in winter. 

3.—The cream may not be perfectly ripened. (See “Ripening 
the Cream’’). 

4.—The individual cows of the dairy may have been milked for 
a long period without new cows having been added to the herd. 
The butter fat globules become smaller as the period of lactation 
advances. ‘The smaller the fat globules become, the longer it is 
necessary to churn. 

5.—When cows are taken off grass and fed dry feed, it often 
has the effect of making it necessary to churn longer. This may 
be overcome, somewhat, by feeding succulent feeds, such as silage 
and roots. 

6.—Often the butter will collect in the churn in very fine 
grains, and further churning seems to do but very little good. 
Under these conditions, the butter can usually be made to gather 
by diluting the cream with a small amount of water at the churn- 
ing temperature. It may also be overcome by adding a handful of 
salt to the cream in the churn. The solution of the salt affects the 
viscosity of the cream in such a way as to hasten the formation of 
butter fat globules. 


SUMMARY. 


Good butter can be made from good cream only. 

The kitchen is not a good room in which to ripen and churn 
the cream. 

The dairy should be arranged so that all water which is pumped 
- for live stock has to pass through a cement tank and out through 
an overflow pipe into the watering trough or supply tank. 

The cows should be kept and milked under sanitary conditions. 

The milk should not be allowed to stand in the stable longer 
than is absolutely necessary. 

Poor feed, weeds, and poor water will give the milk and 
butter a bad flavor. 

Of the different methods of skimming milk, the hand separa- 
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tor is best; deep setting, second; shallow pan method, third, and 
water dilution, fourth. 

Do not add warm cream to cold cream. Keep the cream 
thoroughly stirred, especially while it is being ripened. 

The process of ripening, largely controls the quality of the 
butter, therefore it must be considered as the most important step 
in farm butter making 

The barrel churn is a very good farm churn. 

From 25 to 40 minutes is about the proper length of time 
to churn. ; 

Strain all cream into the churn. 

To properly color butter, add the coloring to the cream in the 
churn just before starting to churn. 

Stop churning when the butter fat granules become the size 
of a grain of wheat. 

It pays to wash the butter. 

Too much working will spoil the grain of the butter and make 
it salvy; while leaving too much water in it will tend to spoil its 
keeping qualities. 

The good butter maker will place his name and brand on his 
product. 


Bulletin 164 AUGUST 


The Agricultural Experiment Station 
OF THE 


Colorado Agricultural College 


, 1910 


POULTRY RAISING 


BY 


W. E. VAPLON 


. 
PUBLISHED BY THE EXPERIMENT STATION 
: FORT COLLINS, COLORADO 
1910 


The Agricultural Experiment Station 


FORT COLLINS, COLORADO 


THE STATE BOARD OF AGRICULTURE TERM 
EXPIRES 

Hon. B. F. Bee LOW, - - - - Canon City, 1911 
Hon. E. H. GRUBB, - - - - - - Carbondale, 1911 
Hon. R. W. CORWIN, - - - + - - Pueblo, 1913 
Hon. A. A. EDWARDS, President - - - - Fort Collins, 1913 
Hon. F. E. BROOKS, - - - - Colorado Springs, 1915 
Hon. J. L. BRUSH, - - - - - - - - Greeley, 1915 
Hon. J.C. BELL, - - - - - - - - Montrose, 1917 
Hon. E. M. AMMONS, - - - - - - Littleton, 1917 
GOVERNOR JOHN F.SHAFROTH - Ex-Offici 
PRESIDENT CHARLES A. LOKY -— - a-Officto. 
L. M. TAYLOR, SECRETARY, G. A. WEBB, TREASURER 

EXECUTIVE COMMITTEE IN CHARGE 

A. A. EDWARDS, Chairman 
J L, BRUSH E. M. AMMONS 
STATION STAFF 

C. P. GILLETTE, M. S., PS - . - - ENTOMOLOGIST 
L. G. CARPENTER, M. ’s., - = IRRIGATION HNGINEER 
W. P. HEADDEN, A. M. > Pu. Dig = - - - - - CHEMIST 
G. H. GLOVER, Mo s., Dy: Vi M., - - - - - VETERINARIAN 
ALVIN KEYSER, A. M. - - - - - - - AGRONOMIST 
W. G. SACKETT. B. §, - - BACTERIOLOGIST 
J.O. WILLIAMS, B. S.A. U s Expert in chatge - HORSE BREEDING 
E.R. BENNETT, B S., - HORTICULTURIST 
B. O. LONGYEAR, B. 3., - - - ASSISTANT HORTICULTURIST 
H. M. BAINER,M.S. DAIRYING AND FARM MACHINERY 
G. E. MORTON, MS EBS: re - - FEEDING INVESTIGATIONS 
R. E. TRIMBLE, NB ts ait - - ASSISTANT IRRIGATION ENGINEER 
P. K. BLINN, B. Ses Rocky FORD, FiELD AGENT, ARKANSAS VALLEY 
F.C. ALFORD, M.S. - - - - - - ASSISTANT CHEMIST 
EARL DOUGLASS.M.S.,_ - - - - - -ASSISTANT CHEMIST 
S. ARTHUR JOHNSON, M.S., - - ASSISTANT ENTOMOLOGIST ~ 
B. F. KAUPP, M.S., D.V.S. - - - - PATHOLOGIST 
MIRIAM A. PALMER, we AC - - - - - DELINEATOR 
L. C. BRAGG, - - - ASSISTANT IN ENTOMOLOGY 
GEORGE P. WELDON, B. Ss , GRAND JUNCTION, FIELD ENTOMOLOGIST 
R. S. HERRICK, B. ai Duura, - - FIELD HORTICULTURIST 
Cc. L. FITCH, - - - - POTATO INVESTIGATIONS 
W.E. VAPLON, - - - - - POULTRY INVESTIGATIONS 
J. FE. PAYNE, M. - FIELD AGENT, PLAINS 


J. W. ADAMS, B. ae CHEYENNE Ww ELLS, SuPT. PLAINS SUBSTATION ~ 


D. iH. MATHIAS, B. ae, - ASSISTANT IRRIGATION INVESTIGATIONS 


JC; SUMMERS, Bosukus - - - - ASSISTANT CHEMIST 


‘{ 


. 


POULTRY RAISING 


By W. E. VAPLON 


The call for information relative to conditioas for successful 
poultry raising in Colorado has become so great that it seems nec- 
essary to issue a bulletin of general information which can be sent 
in answer to inquiries. 

The information here given is not the result of experimentation 
on the College farm, but of several months of investigation reaching 
to all parts of our State among expert poultrymen, added to the ex- 
perience of fifteen years’ work with poultry in Colorado by the 
writer. 

While we hope this bulletin will be an encouragement to those 
expecting to raise poultry on a commercial scale, we also hope that 
it may disillusionize some who are being catried away by fables 
of immense profits derived by using get-rich-quick systems. En- 
thusiasm is a splendid tactor in poultry raising, but should be temper- 
ed with knowledge. 


LOCATION OF THE POULTRY FARM. 


In discussing the matter of choosing a location for a poultry 
farm, we are not considering the farmer who is already established 
on his land, and to whom the hen is only a side issue, but rather the 
man or woman who is intending to make poultry raising or egg pro- 
duction the means of livelihood. Success may, and often does depend 
upon location, and once decided upon, a change is not easily made. 
In the choice of a location the following factors should be carefully 
considered ; 

Nearness to market. 
Character of soil. 
Water supply. 
Convenience. 

Cost of land. 


Nearness to Market—To produce large numbers of eggs is only 
half of the poultryman’s problem, he must be able to market his products 
cheaply at a good average price to make a profit, hence nearness to 
market, or good transportation facilities, are important considerations. 
The Colorado poultryman is very fortunate as to markets, as it is 
doubtful if there is a community in the State which furnishes its own 
poultry products for the entire year. Our mining towns, health re- 
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sorts and large cities are entirely dependent upon cutside sources tor 


their supply. About four millions of dollars’ worth of poultry products 
are shipped into Colorado annually, and every dollars’ worth should be 
produced at home. This means that practically all the output of 
our silver mines goes to neighboring states for poultry products. 


Character of the Soil—wWhile it is true that poultry will do well 
on any of our soils, it is also true that soils best adapted to general 
farm crops give best results to the poultryman. The soil should be 
porous enough to dry off quickly after a rain, but heavy enough to 
produce good crops of vegetables, alfalfa, grain, berries or any crop de- 
sired, these crops to be used for the poultry, or as added sources of 
income. This character of soil can be kept cultivated with less 
labor than heavy clay soil, thus insuring clean, sweet range for the 
fowls. While it may be true that grain can be bought as cheaply 
as it can be raised, we believe that it would be advisable to grow some 
of the grain used if possible, if only for the added value of the straw 
thus produced. We find that our poultrymen are inclined to be 
rather chary in the matter of litter for their fowls, as one will natural- 
ly be where straw is as expensive as it is in some portions of our 
State. Especially if the land is level should it be somewhat sandy, 
as heavy clay soil, when frequently wet, soon becomes filthy by reason 
of becoming packed. 

A south slope is ideal on account of drainage and sunny exposure. 
A north slope is undesirable and wet land should never be considered. 


Water Supply—No other water system can equal a living stream 
or spring, and if the fowls can help themselves at will, so much the 
better for them and for their keeper also. Every device or conven- 
ience that lessens labor, especially if it costs little or nothing, means so 
much more profit, and carrying water to a large number of. fowls is 
certainly Very expensive by reason of the time and labor consumed. 
Where water is furnished, cleanliness should be carefully observed. 
Galvanized iron or stoneware drinking vessels are preferable. 
Wooden troughs are objectionable because they furnish lodgment for 
disease germs. The water dishes should be kept clean, and be fre- 
quently replenished with fresh water. During warm weather the 
water should be kept in a shady place to keep it as cool as possible. 


Convement Arrangement.—In all the work of selecting a Ioca- 
tion, building, fencing, etc., the matter of convenience should nevet 
be lost sight of. ‘The relation of each building to all the others, to 


the roads and highways, and to the residence, should be very care- — 
fully considered. | Convenience means a saving of time and labor, — 
which means added profits. The usual way of building each new — 
poultry house in the most convenient place left vacant, without refer- — 
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ence to those that may follow, will mean many unnecessary steps, 
discomfort and dissatisfaction. Lay out your plant as though you 
expected at some future time to have your entire farm, whether large 
or small, cevoted to poultry. Whether you expand to such propor- 
tions or not, if you have planned wisely, you will be saved much an- 
noyance and labor and your work will be better done. 


Cost of Land.—How much to pay for land must depend largely 
upon the object in mind in engaging in poultry raising. 

If the intention is to supply both poultry and eggs to the consumer, 
thus necessitating weekly or semi-weekly trips, it would be advisable 
to pay more for land in order to get nearer to market, and use less 
acreage. ‘Time is money, and long drives take time. On the other 
hand if the intention is to wholesale the products, and make eggs the 
primary object, or perhaps to employ the colony system of housing, 
it would be advisable to buy cheaper land farther from market and 
ship the products by train. With daily mails, telephones and fast 
trains, one can easily keep in touch with the markets; and while the 
prices received would be less than in retailing, the cost of production 
and delivery would also pe less, and the net profit would perhaps be 
about the same. 

BREEDS. 

We have no space to take up the history of our various breeds. 
We wish to aid the beginner to choose the right breed of fowls for his 
or her special purpose, and from a commercial standpoint the choice 
necessarily falls upon the so-called “general-purpose” fowls, com- 
monly classified as the American breeds, or upon the so-called “egg 
breeds’’—the Mediterraneans and other smaller fowls. 


General Purpose Breeds.—Under this head will come the different 
varieties of Plymouth Rocks, the Wyandottes, the Rhode Island Reds, 
and the Orpingtons. These breeds are spoken of as “general pur- 
pose” because they answer the call for a fowl which will give. the 
owner an early broiler, a plump, good-sized roaster, and also a goodly 
number of eggs in the course of a year. Where the intention is to furnish 
both eggs and fowls for the market, and especially where one can 
sell directly to the consumer, no mistake can be made in selecting 
any variety of any of these breeds. Perhaps the variety chosen 
should be the one most nearly pleasing the fancy of the individual. 


Egg Breeds—A\most invariably where “eggs for the market” 
is the principal object of the poultryman, one of the smaller breeds is 
chosen, and usually the Single Comb White Leghorn is the variety. 
Often where the object is “eggs and broilers’ the same variety is 
chosen, as the chicks come to broiler size, one to one and a_ half 
pounds, nearly as quickly as the larger breeds. 
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For roasters they are found wanting, nor do we believe it will pay 
to raise any chicken to roaster size in Colorado until our markets wiil 
pay as much per pound for a roaster as for a broiler. As it is now, 
a broiler worth fifty cents will bring no more if kept to twice the size 
and weight at an added expense and risk, and sold as a roaster. Our 
poultry raisers are mostly to blame for this, as no attempt is made to 
finish their products nor to educate the consumer’s taste to the tooth- 
someness of a fine, plump, specially fattened roaster. 

Other varieties of Leghorns, the Brown and Buff especially, 
are quite popular in certain localities and ‘furnish the same white egg 
and yellow carcass as the White. The Minorcas and Black Spanish, 
Anconas, Hamburgs, Polish, and many others might be mentioned 
as belonging to this class or type, but on a large scale from a com- 
mercial standpoint, a beginner had better stick to the better known 
and more popular varieties. 


Meat Breeds.—The feather-legged Asiatics, the Langshans, Co- 
chins, and Brahmas, weighing when mature seven to twelve 
pounds, are generally classed under this head. Jn the East, where 
large roasters and capons are in demand at certain seasons at good 
prices, these varieties are profitably raised for their flesh, but the 
reason we gave in the preceding paragraph for not raising poultry 
in our state for the flesh, will bar these larger breeds for the present 
from our commercial poultry farms. 


Choosing a Breed.—Until our people wake up to the great pos- 
sibilities of poultry keeping in Colorado, the advantages of 
soil, sunshine, foods and markets, that we possess; and 
until each community produces more than it consumes, and has a con- 
siderable amount to send out, the matter of choosing a breed is very 
much a matter of personal preference; but when Colorado as a State 
produces eggs and poultry for export, we must make choice of a breed 
or variety that will produce a uniform product in order to get the 
best prices. 

FEEDING. 

A hen craves and seeks a variety of food, and must have it to be 
healthy and profitable. If the hen has free-range, grain is all that 
need be provided during the summer, as she can find sufficient vege- 
table and animal foods. In the winter, and also if confined in sum- 
mer, everything must be provided. The nearer we can come to pro- 
viding just the right proportion of these foods, the nearer we come 
to an economical and balanced ration. 


Hopper Feeding.—It woud be easy to provide a balanced ration 
by giving her free access to hoppers containing all these different 
foods, but we must not forget the matter of exercise. On free range, © 
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a hen will seldom overeat of grain, even if it is kept before her all the 
time. Hunting worms, bugs, grasshoppers, etc. affords her the 
necessary exercise to keep her in good condition; but in close con- 
finement, especially in cold weather, exercise should be provided as 
carefully as food. Confinement does not hurt the hen, it is really 
much better during cold and stormy weather than freedom, but she 
must have something to do. Every inch of the floor space should 
be clear for her use, covered deep with straw or other clean litter, 
and all grains should be scattered in this to induce scratching. A 
busy hen is a healthy hen, and only a healthy hen is profitable. 


Grains.—All grains are good, but a steady diet of any one grain is 
neither good nor economical. Where milo and Indian corn can be 
most successfully grown, these can be made the principal grain feed, 
but a hopper of dry bran kept before the fowls all the time 
and occasionally a feed of wheat or oats, even if comparatively high 
in price, will be found beneficial and economical. Cooked beans 
and cracked peas are a splendid addition to the grains and are cheaply 
grown. In most sections of Colorado, however, wheat, corn and 
oats will be found cheap enough to use largely, and a poultryman 
will find that it will pay well to lay-in a winter’s supply of wheat and 
oats at threshing time, as the price usually advances twenty-five per 
cent. or more later in the season. 


Animal Food.—Something should be provided to take the place 
of the worms and insects so relished by the hen on free range. Green 
bone and meat scraps from the butcher, and blood meal from the pack- 
ing house, the flesh and bones of any farm animal, all are rich in those 
elements necessary for growth and for egg production. An old 
cow, no longer profitable for milk production, may be worth more 
as egg material than for beef, and a horse worn out or crippled will 
make the finest addition to the grains. Fresh cut bone and beef 
scraps can usually be procured at a fair price, but where meat is not 
easily obtained and the prepared foods are expensive, milk in some 
form will be found to be a satisfactory substitute. 


Green Foods.—During the winter if the fowls are confined, we are 
apt to overfeed with the grains, and under feed with the more succu- 
lent vegetable foods. Alfalfa leaves, either dry or steamed, make 
as good a green food as we can furnish. So good is it, that eastern poul- 
trymen are paying as high as $65 per ton for cut alfalfa, which is 
not as good as the leaves, as all the hay is used in making it. Any 
of the root crops, sugar or stock beets, turnips or carrots, cabbage, 
potatoes, onions, waste apples, would be equally welcome and benefi- 
cial to the fowls. 

It pays to keep a supply of grit, oyster shell and charcoal before 


: 
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the fowls. The more you can coax your laying hen to eat and as- 
similate, the more material will she have to turn into eggs. Her 
body must be nourished and material supplied for eggs. To provide for 
both purposes during cold weather means grinding up a great deal of 
food. ‘The grit helps to do this and the oyster shell furnishes material 
for the egg shell. Charcoal furnishes no nourishment but promotes di- 
gestion, and is a bowel corrective. 


Nutritive Ratio—A poultryman should know the approximate 
food value of his feeding stuffs in order to supply the necessary nutri- 
ents at the Jeast cost. No one has yet proven the superior value of wet or 
dry mash, and whether or not you keep a hopper of dry, ground grains 
before your fowls, they will occasionally relish a moist, steamed mash 
of vegetables and ground grain, seasoned as you would like it for 
yourself. Let the morning meal in winter be cracked grain of some 
kind in the litter, and feed the mash either at noon or in the evening, 
and never more than they will clean up. We have as yet found nothing 
more gratifying to our fowls for supper than corn, either whole or 
cracked, and this should be fed in clean straw, or in such a manner 
that. the fowls must use some energy in digging it out. When: you 
find your hens becoming anxious for their meals is the time to feed 
rather than at some fixed hour. 


Feeding Chicks——What we have said about feeding fowls can 
be applied to the chicks, when they get hungry do not withhold 
food because a certain time has not elapsed. Some of the 
brood will eat very heartily, some not at all and a little 
prepared chick feed, rolled oats, bread crumbs moistened 
with milk, or a hard boiled egg, will certainly do no hurt to 
the hungry chick. It may be possible to raise them without water, as 
some advocate, but we cannot understand how anyone who has ever 
seen the little fellows pile into a water dish can withold this from them; 
so provide cool, clean water and milk in any form in clean dishes. What 
applies to the hen applies also to the chickens, variety and plenty with 
exercise. For a few days the chicks should be fed regularly, after that 
much time and labor may be saved by having plenty of cracked grain 


in fine litter (alfalfa leaves are good) where the chicks can get it at any _ 
time. 


Bear in mind in poultry raising that cleanliness is one of the neces- 
sary factors for success. Cleanliness of buildings and coops means | 
freedom from vermin. Cleanliness of yards and runs will be a more or | 
less difficult matter depending upon how your plant has ‘been arranged — 
and upon your methods of housing and yarding. When many fowls and — 
chicks are kept on a small acreage, frequent turning up of fresh earth — 
is essential to cleanliness. To do this by hand is a very difficult job, so 
have the yards and runs of such size and shape that a horse can be used. 
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Cleanliness of water dishes, food troughs and nest boxes is also im- 
portant. Get the habit of cleanliness and you need not fear poultry 
diseases. . 

INCUBATION. 


The beginner can profitably follow both methods of incubation, the 
hen and the incubator. The production of strong, thrifty chicks depends 
upon other factors than the broody hen or the make of incubator used. 
As long as we follow the common practice of helping the chicks from 
the shell when they do not want to be hatched, compelling them to live 
by the use of flannels and soothing syrup when they wish to die, call- 
ing in the doctor whenever the growing chick or the hen has the colic, 
using roup and cholera and all the other “cures”; just so long will we 
have eggs of weak fertility and the same incubation difficulties. 


Hatching with Incubators —The beginner should follow 
closely the instructions sent with the machine he is using. 
It will be time enough to disregard the rules when  experi- 
ence has proven something else better. There are many different 
makes proving good in our state and we would advise buying the ma- 
chine doing well in your own community. Do not hatch more chicks 
than you can well care for, but hatch your season's crop in as short 
a time as possible. To do this where many chicks are wanted will re- 
quire large incubator capacity, but it will be found advisable not to pro- 
long the hatching season unless broilers are turned off regularly. In 
this way the broods will be larger and fewer, the chicks will be of more 
uniform size, therefore more thrifty, and the poultryman will be able 
to devote more time to other work and thereby lessen the cost of labor. 


Hatching with Hens—The relative merits and advantages 
of natural and artifical incubation would not be altered by 
our discussion. Each method has advantages under certain 
conditions, and some poultrymen under their own _ peculiar 
conditions succeed with one method where failure results from trying 
the other. 


Early in the season, when few hens are broody, the incubator will 
be found necessary to produce early chicks; later the hens will give 
- good results if given good care. 


Where to Set—One of our poultrymen, for over thirty 
years raising poultry in Colorado, builds his nests tier upon 
tier along the wall of a small room. Each hen has a nest 
Sabout a foot square and is fastened in. Every day at a 
certain time the attendant lifts out a few hens to feed, drink and 
exercise. When they are ready to return they are carefully lifted in 
and others are released for a time. To be certain that each hen is return- 
ed to her own nest she is banded with a number that corresponds with 
: ther nest number. While this means considerable work, this breeder 


oa 
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claims it pays as he has very little trouble with broken eggs, restless 
hens, etc., and has uniformly good hatches. A row of nests on the 
floor of an isolated room or building with the center of the floor left 
free and covered with loose dirt for the use of the hens, is a common and 
good way of caring for the setting hens. Nests should be about fourteen 
inches square, ten or twelve inches high, and covered so the hens can- 
not fight each other when on the eggs. ‘The hen should be allowed to 
walk into the nest rather than jump down from a height, and loose 
dirt covered with a little straw or chaff should be placed in the bottom. 
Remove the setting hen after dark and try her with a few eggs before 
giving her those for hatching; fasten her in securely; in the morning 
lift her out to eat and drink and fasten her in until the second morning ; 
then give her twelve to fifteen eggs and see that she has plenty of fresh 
water and food, preferably corn. She will probably return to her own 
nest now and need not be fastened in. Besides a dusting place for the 
hen she should be thoroughly dusted with prepared lice powder during 
her time on the nest, but care should be taken not to use too much pow- 
der, just a light sprinkling well into the feathers. 

Hens, like incubators, should not be disturbed at time of hatching. 
Some hens will kill their chicks and such should be removed and the 
eggs given to another if possible. It will not be found profitable to help 
chicks out of the shell. The breeding stock should have enough vigor 
to produce eggs that will hatch good lively chicks on time. 


Brooders—The fireless brooder seems very successful and 
popular with our poultrymen, especially where chicks are 
kept in heated brooders the first two or three weeks, and 
are then placed in- fireless' brooders. This plan works very 
well where a comparatively smalk number of chicks are 
raised, but we would advise beginners to provide heated brooders, and 
only transfer the chicks to the fireless brooder when large enough to 
readily go in and out of their own free will, and then have the brooder 
in a good comfortable building. We believe there will be very little 
bowel trouble in the little chicks if they are never chilled, and we know 
the fireless brooder is responsible for many deaths among our chicks on 
account of chilling. When many chicks are raised a stove heating system 
should be installed to lessen expense and labor. 


Rearing Chicks With Hens—We do not like to give hens 
with chicks unlimited range. Certainly for a week or two 
after the hatch the hen should be confined to her coop or 
a small run attached to the coop ‘to give the chicks time to gain 
strength. The chicks can be given their liberty as they will not stray 
far away from the mother hen. A floor or a platform of boards on 
which a bottomless coop is placed is necessary on account of heavy 
showers which are at any time possible, and which often flood the 
coops and drown the chicks where no floors are provided. A packing 
case covered with roofing paper, makes a cheap, comfortable coop. 
Where straw is scarce dry sifted earth makes a good covering for the 
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floors and should be often replaced, daily after the chicks are two or 
three weeks old. When two hens hatch at the same time all the chicks 
can be given to one hen and the other hen can be re-set if she is in good 
condition. We have found that hens confined to coops give their chicks 
more brooding, are soon contented with their narrow quarters, and will 
raise more chicks’ than when given full liberty. 


MARKETING. 


Higher cost of living seems to be troubling a great many people 
just now, yet they are more willing than ever to pay an extra price for 
quality. Produce a good egg, market only eggs of uniform color and 
size, send clean eggs in clean, attractive carriers, and get them to the 
market during the summer at least twice a week. 


Marketing Chicks—Be careful in preparing your chicks 
and fowls for market.: Have them uniform in size and 
color, the broilers one and a half to two pounds, and the 
roasters four to five pounds in weight. It pays to give both old 
and young stock a little special preparation before shipping. Keep in 
close quarters without exercise for a week before selling, feeding 
mashes of fattening foods. In supplying a family trade with dressed 
poultry, it will undoubtedly pay to crate and fatten for a better finish 
and appearance of the carcass as the extra quality means a better price. 
The Denver market prefers the yellow skinned fowls, alive. 


RECORDS AND ACCOUNTS. 


Daily laying records should be carefully kept and if the hens are 
not doing their duty, the cause should be found and the remedy ap- 
plied. Perhaps the feeding method can be bettered, or more likely the 
drones have not all been discovered. Incubation records which will 
show the fertility of different flocks or pens will help to 
greater success. Breeding, mortality and feeding records will be 
found very instructive and helpful to better results. 

Poultry raising means dollars and cents, debit and credit, and every 
poultryman should know his exact financial position at any time. By 
means of carefully kept accounts of receipts and expenditures, he will 
be able to know what branch of his business is most proiftable or is not 
paying; where leaks and wastes occur, what branch of his business can 
be profitably enlarged, and which might better be curtailed. 


. POULTRY LITERATURE. 


- Too much value cannot be placed upon good poultry literature, and 


_ there is much to be obtained. However, one must be able to read be- 
tween the lines of much that we find in our poultry journals, as the 
_ writers often have an “ax to grind”, eggs to sell from the hen that laid 
_ 333 eggs in a year, a system or a method. 
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POULIRY SECRETS: 


There are no mysterious poultry secrets which you need to buy in 
order to succeed in the work. All the so-called “secrets” and “process- 
es’ can be procured through experiment stations and government bul- 
letins. It is not the breed, nor the feed, nor the house, nor the care; 
not any one or two of these factors, but all carefully applied that are 
necessary to success. 


SELECTION AND CULLING. 


Continued selection of the best, elimination of the weaklings, eter- 
nal cleanliness, comforable shelter, p'enty of fresh air, sunshine and 
exercise, a variety of good nourishing, succulent foods; all thoroughly 
mixed with love for the work and faith in the hen, seasoned with com- 
mon sense and business ability; these are the great secrets of success 
with poultry. 


POULTRY BUILDINGS. 


We might revive one of Solomon’s very wise sayings and make it 
read: “Of the making of poultry houses there is no end,” and perhaps 
aad, “There is nothing new under the sun.’”’ Old ideas of poultry house 
construction are about as regularly revived as styles in hats, answer 
the demand of a certain class of poultrymen and are condemned by 
others. Limited space forbids our going into detailed instructions for 
building. We are giving the matter much thought and attention at 
the present time, and are trying out five distinct types that have been 
adopted by successful poultrymen, which are considered about right, 
and intend to build some other models for comparison. All are good, 
each has some advantages and some disadvantages. Location, condi- 
tions, circumstances, amount of land, price of materials, many factors 
must necessarily govern the type and size of the buildings. 


Reasons for Housing.—The object of the house is to provide shel- 
ter for the fowls, and should be wind and rain proof, a single thickness 
of drop-siding or sheathing with building paper, being sufficient in our 
climate. Where lumber is used the best is cheapest, and we prefer the 
four-inch’ drop siding. Good sheathing, covered or battened will cost as 
much or more than drop siding, and will never make as tight a wall. 
Shiplap>is not satisfactory as it soon dries out and leaves a crack. 
Whatever the materials used, have them good. If you must economize 
do it in the size of the building rather than in the quality of the ma- 
terial. Have your buildings face south, one third or one half of the 
south end covered with burlap or muslin curtain to be raised whenever 
the weather will permit, which will be nearly every day in the year. 
Some glass in the front may be convenient but is not necessary. The 
burlap curtain will furnish plenty of fresh air when closed, providing 
all the necessary ventilation. "The door should be either in the east 


Be as UR it FO 


Pourrry RAISING. 13 


or south, the west and north walls and roof being absolutely tight. 
We know of quite a number of poultry houses in Colorado facing east 
or west, but know of no good reason for it, and many against it. You 
will find no stronger ally in fighting disease and discomfort in your 
flocks than the sunshine, and the south front, especially in the long 
house, permits the greatest amount of it. Let it flood the coops and 
buildings as much as possible. 


Comfort and Convenience—A hen would probably consider 
a house about three feet high ideal, especially in cold 
weather, but for the convenience of the caretaker we must 
build them higher; unnecessary height means a colder and more 
expensive house, so build as low as possible, consistent with con- 
venience. The farther the roosts are from the open end the better for 
the fowls—twelve feet is better than less. Make the pen shorter rather 
than narrower, if you want a certain floor space. 


Nests—Nests placed on the ground outside and against 
the building, covered with a slanting board to shed the 
rain, are sometimes very satisfactory. If within the building, 
they should be above the floor and boxes about fourteen 
inches square will be found to answer the purpose. They 
are preferabla to expensive lumber nests as they can be des- 
troyed when mites get into them. When trap nests are used, one nest 
should be provided for each two or three hens, otherwise half the num- 
ber of nests will be sufficient. 


Cost of Building.—It is easy to be extravagant in build- 
ing. Don’t do it. Extravagance and waste are the cause 
of -as many failures as inexperience. Limit the cost of 
providing house room to sixty dollars for material per hundred 
hens. It can be done for less, perhaps, but ought not to cost more. A 
poultryman should be able to do his own building, even if he hires it 
done. By knowing how, it will be done right and to hire a carpenter 
for every little job i is expensive. 


Fixtures—Have all fixtures such as grit boxes, feed hoppers, 
water dishes, etc., off the floor. We build our hoppers for grit, char- 
coal, oyster shell and ground grain, between the 2x4 studding and pre- 
fer them to anything we can buy. Have them two feet ‘above the 
floor so no litter or dirt can get into them. In permanent houses have a 
platform two feet above the ecu across the entire rear of the pens, 
above which the roosts are placed. This platform catches all the drop- 
pings, means less labor in cleaning, and means a clean floor for the hens 
in bad weather. The water dick can be placed on the edge of this 
platform. 
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Roosts.—I see many 2x4 scantlings used for roosts; a 2x2 is bet- 
ter and costs half as much. A round pole is objectionable as it soon 
splits and the cracks offer a lodging place for mites. Instead of hing- 
ing them to the wall, try driving a nail through the 1x2 used to sup- 
port the roosts, to the upright studding. Your roosts can then be 
swung up out of the way when cleaning. Have the roosts about ten 
inches above the platform, and after cleaning, dash a shovel of 
litter or dirt over the platform which will prevent the droppings stick- 
ing and make cleaning easier. 


DISEASES. 

The Veterinary Department of our College, under the direction of 
Doctors Glover and Kaupp, is working on poultry diseases at the pres- 
ent time. When their investigations are completed, a bulletin will be 
published which will be sent to all who send a request for one. Later 
we expect to publish separate bulletins on buildings, feedirg, incubation, 
etc., to give the results of our experimentations along these lines. In 
the meantime we will gladly answer any specific questions as far as 
possib’e. 


f 
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RECENT BULLETINS. 


The following recent bulletins of the Experiment Station are still 


available and will be sent, while the supply lasts, to anyone sending 
his name and address to the experiment station, giving the name or 
number of the bulletins he especially desires. 


No. 


43- 


Colorado Lepidotera. A Few Species of Deltocephalus and 
Athysauns from Colorado. A list of Original Types ete. in 
Colorado. 


Irrigation Waters and Their Effects. 

An Apricot Blight. 

Feeding Steers on Sugar Beet Pulp, Alfalfa Hay and Farm 
Grains. 

The Flora of Colorado. 

Development of the Rocky Ford Cantaloupe Industry. 

Alfalfa 


Fruit Growers’ Associations. 


Results Obtained at the Colorado Experiment Station. 


Colorado Fodders—An Examination into Their Composition 
and Comparative Values. 

Colorado Fodders—A Study of Comparative Values Based on 
Bulletin 124. 


Climate of Colorado—Temperature—21 Years Record at Fort 
Collins. 

Arsenical Poisoning of Fruit ‘Trees. 

The Australian Salt Bush—Its Composition and Digestibility. 

Dewberry Growing. 

Some Bacterial Diseases of Plants. 

Pruning Mature Fruit Trees. 

Grape Growing. 

Tillage, Fertilizers and Shade Crops for Orchards. 

Cabbage Growing. 

Celery Growing in Colorado. 

Raising Hogs in Colorado. 

Top-Working Fruit Trees. 

Ration Experiment With Lambs—Self-Feeders for Hay. 

Carrying Range Steers Through the Winter—Sugar Beets for 
Fattening Steers. 
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152. 


154. 
155. 
150. 
157. 
158. 
150. 
160. 


161. 
162. 
163. 
165. 
160. 


CoLORADO ExPERIMENT STATION. 


Two Common Orchard Mites—The Brown Mite and the Red 
Spider. 

Alfalfa Studies—Third Progress Report. 

The Fixation of Nitrogen in Some Colorado Soils. 

Butter Making—Clean Milk and Commercial Starters. 

Arsenical Poisoning of Fruit Trees. 

A Bacterial Disease of Alfalfa. 

A New Alfalfa Disease—Stem Blight. 

Nitrates in the Soil—An Explanation of so-called “Black 
Alkali” or “Brown Spots.” 

Cement and Concrete Fence Posts. 

Rabies. 

Farm Butter Making. 

Ration Experiment With Swine. 


Information Concerning the Carriage Horse Breeding Experi- 
ment. 
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RATION EXPERIMENTS WITH SWINE, 1906--1908 


W. L. CARLYLE and G. E. MORTON 


INTRODUCTION 


This bulletin records two experiments, the first conducted 
during the winter of 1906-07, and the second during the winter ot 
1907-08. Both experiments were planned to discover what protein 
feeds would prove most economical when fed with barley and 
with corn. These two grains are the most available and commonly 
used of‘any of the feeds used in this State, with the possible excep- 
tion of field peas.. But neither corn nor barley is an economical 
feed for hogs when fed alone. This is now recognized in the corn 
belt, after much experimental work by the various experiment 
stations. Our problem, therefore, is to find what available feeds 
may be used in this State to best advantage for supplementing these 
grains. 

THE FEEDS SELECTED. 

Alfalfa hay, wheat, field peas, wheat shorts,, and packing 
house tankage were the feeds selected because of their availability 
throughout the State. Wheat shorts consist of the finer particles 
of bran and a portion of the kernel within the bran. They contain 
morestarch and less crude fibre than bran, and are less bulky. 
Selected tankage, a packing house product, is made from residue 
meat scraps, and has a large percentage of protein. 


1906--1907 EXPERIMENTS 


Ten lots of ten head each were fed. The pigs averaged from 
66 to 70 pounds each’ when they were put on feed. They were Poland 
China grades, about six or seven months old, bought in the country 
- surrounding Fort Collins. They were very small for their age but 
of good enough breeding to show fair returns for feed. They 
were uniform in breeding, age and condition, At the close of 
thirteen weeks feeding, the lots ranged from’an average weight of 
154 pounds per head to 200 pounds per head. 

The following table gives the results: 
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TABLE A. 


FEED FOR GAIN AND COST OF GAIN, 1906-07 
(Ten head in pen.) 


Gain POUNDS FEED FOR 100 *Cost of : 
per Feed Stand- 
PEN RATION Head POUNDS GAIN for ing of 
NO. 13 100 lbs. Lots 
Weeks. | 2. ee Se or Gain 
Lbs. 
Grain | Hay | Tankage| Beets 
i Barley ; alfalfa hay at 
PIGASUTO — 35 vc einieceiere 107 508 | 75 id aaa $5.27 5 
If. Corn; alfalfa hay al and 
MIGASULE! Ware's p soo 2 115 508 76 Braye Beclo $5.27 6 
III. Barley and corn, equal 
parts; alfalfa hay at 
PISASUTO testers ents 131 435 | 67 Te Acer $4.52 1 
IV. Barley one part ; wheat 
ORO TDPATE |/s06; aerate oo hns 115 476 as siete ac $5.95 #¢ 
Vis Barley one part; peas 
OVGMDAG rea esa iece 2 111 482 ae ate rane $7.23 10 
VI. Barley one part; 
shorts one part .... 117 457 a aes acne $4.57 2 
VII. Barley ten parts ; tank- 
age one part ...... 130 405 ah 46 a0 $4.97 4 
VIII. Corn ten parts; tank- 
HEClONE PAIt. « «<-> >-6 142 386 ae 42 ae $4.70 3 
IX. Barley ; beets at 
DICHSULG iio,fo aire) sisis ins 94 475 até Besie 478 | $5.95 8 
X. Corn; beets at 
PICASUTE ce cess 86 544 am apis 498 | $6.69 S) 


* Note—Prices of feeds figured as follows: 
Grain, one cent per pound, except wheat 1% cent and peas 2 cents. 
Tankage, at $40.00 per ton. 
Beets, at $5.00 per ton. 
Alfalfa, at $5.00 per ton. 


POUNDS FEED FOR ONE HUNDRED POUNDS GAIN. 


The number of pounds of feed required to produce one hun- — 
dred pounds of gain in live weight is the point of chief interest to 
the feeder, and it is probably the best comparative method of 
stating our results from the experiment. So we depend upon this’ 
column chiefly for our conclusions. 


SUGAR BEETS WITH GRAIN. 


Lots IX and X were fed sugar beets with barley and with corn 
respectively. It will be noticed that each of these lots consumed 
about as much grain for each one hundred pounds of gain as did the 
lots fed grain alone, and in addition they consumed about as much 
beets as grain, making the ration very expensive. Practically no re- 
turns were secured from the beets. It is true that these lots ate about 
one-fifth less grain during the entire period of feeding than the 
lots not fed beets ; but they also gained very much less in live weight 
as the foregoing Table “A” shows. They gained only 94 and 86 
pounds per head in thirteen weeks, whereas the other lots gained 
107 to 142 pounds per head in the same length of time. 

And it must be remembered that the beets were not forced 
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upon the pigs by withholding the grain. The beets were supplied as 
the pigs desired them. Evidently they relished the succulent feed. 
and ate enough of it so that they had not the capacity for a quantity 
of grain sufficient to produce a large gain in live weight. 

These results with beets were so marked that it was not 
thought necessary to duplicate this portion of the experiment an- 
other season. And we believe that the conclusion is warranted that 
for light weight fattening pigs, weighing from 60 to 160 pounds, 
sugar beets are not an economical fattening feed in connection with 
grain, when they constitute about half the ration by weight—in 
this instance all the beets which the pigs would voluntarily eat. 


ALFALFA HAY WITH GRAIN. 


Lots I, II and III were fed alfalfa hay and grain. Of these, 
lot III, fed equal parts of barley and corn, did the best, making the 
heaviest gains, and requiring the least amount of feed for one 
hundred pounds gain. This lot, in fact, made the best showing of 
any in the experiment, and figuring the price of the various feeds 
upon any reasonable basis, the cost of producing pork with this 
ration of corn, barley, and alfalfa hay, was less than with any 
other ration used in the experiment. 


Lot I, fed barley and alfalfa hay; and lot II, fed corn and 
alfalfa hay, came out almost equally well, although lot II showed 
slightly greater gains than lot I. Neither barley and alfalfa hay 
nor corn and alfalfa hay gave such good results as corn, barley and 
alfalfa hay, being surpassed in amount of gain produced and in 
economy of ration, by several rations in the experiment. 


COST OF FEED AND STANDING OF LOTS. 


In the foregoing Table “A” a column is given showing the 
cost of the rations with the feeds figured at given prices. One 
cent per pound will approximate the market prices of barley, corn, 
and shorts, and is a convenient round number from which an 
advance or lowering of prices may easily be computed. Peas and 
wheat are ordinarily higher in price and therefore are figured at 
two cents and one and a half cents respectively. In looking down 
the column showing the standing of lots, a series of numbers are 
found showing the relative order of the rations according to their 
economy. ‘This column is given only for the purpose of facilitating 
the finding of the most economical rations. 


BARLEY AND WHEAT SHORTS. 


It will be seen that after the barley, corn and alfalfa ration, 
the barley and shorts ration, half and half, was the most economical. 
There was so little difference, however, in the economy of these two 
rations that one cannot say either proved better than the other. The 
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barley, corn and alfalfa lot required 435 pounds’ of grain and 67 
pounds of hay for 100 pounds gain; while the barley and shorts 
lot required 457 pounds of grain for 100 pounds gain. Both 
rations were very satisfactory. 1G 


GRAIN AND TANKAGE, 


Lots VII and VIII were fed barley and tankage, and corn and 
tankage respectively, ten pounds of grain being fed for each pound 
of tankage. The corn and tankage produced slightly better results 
than barley and tankage, and both rations were good, coming next. 
to lots HI and VI in point of economy. 


BARLEY AND WHEAT, EQUAL, PARTS. 


This ration gave good gains, and required only 47 6 pounds — 
of feed for 100 pounds gain in live weight.. But with wheat at any 
ordinary figure, the cost of the ration is high. If,cheap wheat,can 
be gotten—that is, wheat at the price of corn or barley, the wheat 
and barley ration will prove a satisfactory one. Barley offsets 
the tendency towards production of soft and flabby. flesh whice 
wheat favors, and the two together give good gains. 


BARLEY AND PEAS, EQUAL, PARTS. : 


This ration is not equal in production of gain to any of the 
other rations except the beet rations, and one alfalfa hay ration. 
Also, the amount of feed required for gain was 482 pounds—con- 
siderably greater than that required by the other rations in which — 
grain or grain by products only were fed. And sincé peas are 
ordinarily higher in price than corn or the small grains, the ration ’ 
does not prove economical. 

This, of course, does not mean that a ration of barley fed to 
swine hogging off peas in the field might not prove economical. 
These results apply only to threshed peas when fed with a to. 
hogs that are confined to feed yards. re 

The following Table “B” gives the digestible nutrients. TE 
quired for one hundred pounds of gain in live weight. The nutritive 
ratio shows the proportion of protein to carbo-hydrates and fat in 
each ration; for example with Lot I, the nutritive ratio is 7; 8; that 


hydrates and fat in the ration. sine 
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TABLE B. (See Table F, in Appendix) 
DIGESTIBLE NUTRIENTS REQUIRED FOR 100 LBS. GAIN, ALL PENS 


| ; 2 POUNDS OF DIGESTIBLE NUTRIENTS 
PEN NO. | GAIN’ | Ped ete pepsin s 
(bs. ) | | | RATIO 
4 Protein | Carbo-Hydrates! Ether Extract | 
<3 z = 5 
Wie carats « ce anne’ 1066 49.51 877.49 | 9.01 | 7.8 
Bain cas ayais: ava sayin 1145 49.25 366.41 22.18 | 7.9 
NG fereraial'y wer ehs 6.0 1303 42.64 319.42 ) 13142 781 
Vicia) s wechatcrs sists. 5 1153 43.19 328.10 8.08 » ) 8.05 
Rereate Be wrese 1112 62.41 252.43 5.86 | 4,27 
Ds sis: «ts Sawtes 1168 46.40 273.63 12.65 | 6.55 
Bele raratrc Pay evils) cle tact 1299 52.19 281.60 12.76 | 5.98 
PUSHIN ten event es 2 shes 1417 41.78 259.84 } 21.99 | 6.40 
1) a eS eres 940 63.09 690.21 | 8.98 =" P28 
De peops wees 863 69.29 741.13 24.36 Sl STS 


1907--1908 EXPERIMENT 


Six lots with eight head in each lot were fed during this ex- 
periment. They were fed during the same season of the year and 
_ were the same class of hogs and “of about the same weight as those 
described in the previous experiment. ‘The experiment lasted fif- 
teen weeks—two weeks longer than the previous winter’s experi- 
ment. ‘The pigs were of uniform breeding, age, and condition. 
The most promising rations, as shown by the previous win- 
ter’s; feeding, were ‘tried again and selected tankage was tried with 
various grains. 


i TABLE I. 
. 
x ' FEED FOR GAIN AND COST OF GAIN 
(Hight pigs in each pen) 
ly F wit 4 AV. 0 EE 9 ‘ 
*, Gatn. | POUNDS OF FEED FOR ace 2 
PER *| 100 POUNDS GAIN or 100 steele 5 
Pon RATION - ae ek Set Aa ee ai ee 
ag) reas peo 3 
LBS. Grain | Tankage | Hay 
| 4 [ Sane Sa = s% 
a: Barley three parts, corn three ‘ 
bi, parts, alfalfa hay at pleasure. 116 496 re 56 | $5.10 4 
mace Barley three parts, corn three ‘3 
6 _ parts, tankage one part ..... 171 338 56 i $4.50 1 
s Barley six parts, tankage. one 
| aaa BRO RE Oa wie ghee cae apne 158 3867 61 .. | $4.89 8 
Bt A. Corn six parts, tankage one part 164 853- 59 ww | 4.71 2 
#5, Durum wheat six parts, tankage 
POMEL hs FA Sty a tania WS Ses 161 360 60 -. | $6.60 6 
= 6. Durum wheat three parts, corn 
three parts, tankage one pie 173 334 56 ain $5.80 5 


a | Se 

v Note—Prices. of ‘teed. figured as follows: 
: orn and barley at one cent per pound. 
-Wheat’at one and one-half cent per pound. 
 Tankage at:$40.00per.ton,.(two cents per Ib.). 
Alfalfa at $5. 00 per ton, | : 
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DURUM WHEAT, CORN, AND SELECTED TANKAGE. 

Lots 5 and 6 were fed rations containing these grains. Lot 
5, which received six pounds of durum wheat to every pound of 
tankage, made a very good gain in weight, and required only about 
an average amount of feed to produce 100 pounds gain, so that if 
the prices of these feeds were not considered the ration would be 
pronounced a good one. Both feeds are expensive, however, and 
consequently the cost of gain is too high. 

Lot 6, fed durum wheat, three pounds, corn, three pounds, 
and tankage, one pound, made the best gains of any lot, gaining 
an average of eleven and one-half pounds per head each week. 
These required less feed for gain than any of the other lots. If 
durum wheat can be obtained at the price of corn, this ration will 
prove very economical. 

BARLEY, CORN, ALFALFA HAY. 

This ration proved very satisfactory the previous winter, but 
did not show quite so great economy in the present experiment. 
The amount of feed required for gain was somewhat greater than 
the previous winter, and the gains made were less than those made 
by the other lots in this experiment. This might be accounted for 
by a difference in the quality of the hays. At any rate, in this in- 
stance, the barley, corn, hay ration proved more costly than barley 
and tankage; corn and tankage; or barley, corn and tankage; 
although at a cost of $5.10 for each hundred pounds gain, it is still 
a very good ration. 


BARLEY, CORN AND SELECTED TANKAGE. 


This ration, with the feeds in the proportion of 3 : 3 : I, gave 
the best results of any tried in this experiment. The gain made was 
eleven and two-fifths pounds per head each week. ‘The amount of 
feed required for gain was only 336 pounds of grain and 56 pounds 
of tankage, and the cost was $4.50 for each hundred pounds gain. 
This cost was practically the same as that for the corn, barley, and 
alfalfa lot and for the barley and shorts lot of the previous year. 

CORN AND TANKAGE, AND BARLEY AND TANKAGE. 

The corn and tankage ration was not quite as economical as 
the barley, corn, and tankage; but was slightly better than the 
barley and tankage, the cost of 100 pounds gain for the three lots 
being $4.71, $4.50 and $4.89. All three of these rations were 
satisfactory and economical. 

It will be seen from the following table that the tankage and 
the wheat rations all supplied a large proportion of protein, while 
the alfalfa ration apparently did not. It is probable, however, that 
the alfalfa rations actually furnished a larger percentage of protein 
than the tables show, because the pigs eat only the leaves and finer 
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stems of the hay, while the entire amount of hay is necessarily 
charged up to them. } : 

TABLE II. (See Table VI in Appendix) 
DIGESTIBLE NUTRIENTS REQUIRED FOR 100 LBS. GAIN, ALL PENS 


| 
Total <hr oat See. a onan 
Gain a DIGESTIBLE NUTRIENTS, POUNDS ere niciawe 
Pren No. 5 | ‘ 
Weeks | | ‘ = gh el Rake 
. Carbo- | + re | 
lbs. Protein | Tevawatee . Ether Extracts | 
| : | 
1 931 45.86 355.86 15.13 8.1 
POMP as rots - ohio Sails 1368 51.32 231.97 17.33 5.33 
Sane alee oree ws ca oF 1260 55.79 255.89 14.05 5.19 
ESR Ae ea ha 1309 53.55 238.50 22.63 5.47 
Pie breiein a hea) etenes'n ap 1286 62.75 251.79 13.77 4.54 
Gr AeA 2 1383 54.52 229.93. 17.14 4.97 | 
CONCLUSIONS. 


Sugar Bects—For light weight fattening pigs, weighing from 
60 to 160 pounds, sugar beets are not an economical fattening feed 
in connection with grain, when they constitute approximately one- 
half of the ration by weight. Our experience indicates that when 
such pigs are fed beets at pleasure, they will eat the beets and grain 
in about equal proportions by weight. 

Alfalfa Hay.—Where a good quality of leafy alfalfa hay may 
be had at reasonable cost, and other protein feeds are difficult to 
obtain or are high in price, the alfalfa hay may be used to 
supplement grain feed for fattening pigs. It should not be fed with 
the grain, but should be put in specially constructed racks where 
the pigs may go to it at pleasure. Mixed grains, with alfalfa hay 
will give better results than a single grain with hay as a rule. 

Barley and Shorts—Two home grown feeds that can be se- 
cured almost anywhere in the State. They make a first class 
ration when fed together. The millers of Colorado do not ordin- 
arily separate shorts from bran, but will usually do so upon 
request, at a price about ten cents per hundred in advance of the 
price of bran. 

Barley and Wheat.——Another home grown combination that 
gives good results. Where a sufficient yield of durum wheat can be 


- secured on the dry lands of the State, this ration will prove partic- 


ularly well suited to those regions. 
Barley and Peas.—Field peas, threshed, are more expensive 
than a number of other high protein feeds, so that it is well to con- 


fine pea feeding to the hogging off of field peas. 


Selected Tankage.—This is a very high protein feed contain- 
ing over 40% of protein; so that only a small quantity of it 1s 
necessary with grain. It proved satisfactory when fed either in 


the proportion of one-eleventh of the ration, or one-seventh of the 


10 Tut CoLrorapo ExprrRIMENT STATION, 


ration. With grain at one cent per pound and tankage at two cents 
per pound, the grain and tankage ration, with the grain forming 
five-sixths to nine-tenths of the ration, will cost from about $4.50 
to $5.25 for each 100 pounds gain upon fattening pigs under two 
hundred pounds live weight. 

What Selected Tankage Is —The following description of the 
manufacture of Digester Tankage by Swift & Co., of Chicago, 
under date of Oct. 3, 1908, gives a good general idea of the 
methods used in the manufacture of selected tankage for feeding 
purposes. Such tankage does not contain any part of the animal 
carcasses condemned because of disease, and if any disease germs 
should find their way in with foreign matter they would be de- 
stroyed by the cooking process with live steam under pressure. 

“Digester Tankage is made from small scraps of meat trimmed 
from residues left in tanks after edible lard and tallow have been 
extracted from the carcass trimmings, and residues incident to the 
production of meats for human food purposes. ‘These materials 
are taken only from animals which have been U. S. Government 
inspected and passed. ‘his meat is a finished product and is a safe 
feed, absolutely free from diseased germs. 

“In the process of manufacture, the materials mentioned are 
placed in large tanks which are then sealed and the mass subjected 
to live steam, usually under a pressure of 40 pounds. The cooking 
process is timed for four to six hours, depending upon the char- 
acter of materials handled. When the cooking is completed the 
steam is turned off and tanks allowed to settle. When the liquid 
fat is found in a layer at the top it is removed. . The residues con- 
sist of a watery solution, and at the bottom of the tanks a mixture 
of small pieces of meat and bone. ‘The liquid is drained off to be 
dried separately and the solid meat—‘“The Tankage’’—allowed to 
drain; it is then dried in large steam-heated rotary ovens in which a 
high temperature is maintained. ‘The dried tankage is ground and 
put through a mill and screened to the desired fineness. It is then 
packed in 100-pound sacks ready for shipment. 

“Digester Tankage has a very uniform composition, guar- 
anteed 60% Protein, 6% Phosphates, and 8% Fat.” 

Armour Packing Company, of Kansas City, make the follow- 
ing statements under date of October and November, 1908: 

“Our guarantee to the State of Kansas regarding meat meal 
is as follows: 

‘Made from regular run of good conditioned cattle 

and sheep offal from which oils and greases have been 

extracted. Sold under guarantee to contain a minimum 

of sixty per cent (60%) Protein, but will run as high as 

sixty-five per cent (65%) in certain lots.’ 


oe OY SO 
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“This means too only the best of the offal, for what is com- 
monly known as “peck” never goes into such tanks, being kept 
apart, and the residue of “peck”’ tanks goes to fertilizer only. 

“Recent analyses of our Meat Meal show that in addition to 
6o% proteids, it contains about 13% fat, and 14.5% ash. 

“There is not properly any crude fibre in this, and what 
foreign matter may get in will not exceed half of one per cent.” 

The Colorado Packing and Provision Company of Denver, 
who furnished the selected tankage used in these experiments, have 
the following to say concerning their product, under date of Oct. 
19, 1908: 

“We will state as near as possible the analysis of our Selected 
Beef ‘Tankage for stock food: 


CNS LS" 2 cr 10% 
PU as siksj mcssieanf arcane 5 FO 
2 COL 1 5% 
Free Extract of Nitrogen.............. 7% 
Buttek cect BRE Rey 0 ty 


Phosphate of Lime 15% 
“This will vary some, as our material is not always uniform, 
but we will make it as near the above as possible.” 
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COLO. AGRL, EXPT. STA 


SHED AND FEED YARDS USED FOR EXPERIMENTS 


RACK FOR FEEDING ALFALFA HAY TO HOGS 
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APPENDIX 


The Tables in the Appendix give the original data of the 
experiments. The Tables in the body of the bulletin were compiled 
from these. 


WEEKLY DATA, PEN 1. 1906-07 
(Ten head in each pen.) 
Barley; alfalfa hay at pleasure. 


Average | OF DI 
Weight Gain Gain | ica ee 
Lbs Lbs. per | ss 
Head | 
Lbs. Barley Alfalfa Hay 
| | 

Beginnings acs cane SoS ieee i yg as 
SU = WO Es Bar sans busta 811 | —2.7 —2.7 303 144 
IU WiC Olen raters tard 6) a reece nee 937 126 12.6 390 90 
Brdy WEEK satis sc sepatnee 1025 88 8.8 406 54 
BUN WECK 5. ut em sine Sree 1102 77 et 395 54 
BON Weeks axa aubeuc cieeheneions 1156 54 5.4 395 76 
Gth “weelk” s:..ca..6 Kiev oukogtee 1243 87 8.7 445 20 
BIROEE WECM cers sere! wis tetniene eas 1390 147 14.7 473 60 
ROE WOE) Eanes soap laiscare 1479 89 8.9 397 60 
DU WOK scdsveraie xx sia sig 1530 51 5.L 430 60 
MOTE WOOK. iene. aie wis core ocore 1522* 102 10.2 420 60 
aL WOOK tara aileie ss cmieile ea 1573 51 5.1 450 60 
Rb eaitehnew WE. Ol oc atiatva) Shei) <0). ay/a) 60 1694 121 12.1 485 20 
Oth Weeld 6 eas 1794 100 10.0 445 40 

1066 § 106.6 5434 798 


* piggy’ sow, weight 205 tbs., put out; 951b barrow put in. 
§ 956 Ibs. plus 110 Ibs. lost by exchanging pigs. 


WEEKLY DATA, PEN 2. 1906-07 
(Ten head in each pen.) 


Corn; alfalfa hay at pleasure. 


: f Average FEED LBS. 
Weight Gain Gain 
Lbs. Lbs. per Le 
Head é 
Lbs. Corn Alfalfa Hay 
it VeCvaa bec h cla a 669 he Svat tae 
Thee Syeda ae pape 823 154 15.4 303 144 
a Bai tam Cole eat c| caceo wic's\s 896 73 7.3 384 90 
DARE VO r sina oi eteca's 995 99 9.9 406 54 
DUOMO aes scare oraray = 1066 =! 71 Theil 420 54 
} FMW BEM Paras fie a) wavavere!s 1125 59 5.9 420 76 
Gt ee OIC si niyae GisSeersi> 6 1202 rare Ta 450 60 
TOR WEGMS \inlascreva.sc.esere's = 1310 108 10.8 483 60 
PIU Clee niciscyis cs vse. 1393 83 8.3 467 60 
: MMe aweC leone cia nts eiaaeta> 1477 84 8.4 470 60 
OTe wie Glee caysreresa'ei acs) 6 1548 Tel Modi 440 60 
4 AME WiewiGGhvts au in eins ciel oe 1622 74 7.4 530 80 
Hritienwieelouettd eisiet-6 sare 1737 115 11.5 565 40 
, Mes ihia weeks me siracc.s.+ 10 1814 (ats 7.7 475 40 
| 


1145 114.5 5813 878 
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WEEKLY DATA, PEN 3. 1906-07 


(Ten head in each pen.) 


Barley and corn, equal parts, and alfalfa hay at pleasure, 


Average FEED LBS. 
Gain 
Weight Gain per 
Lbs. Lbs Head 
Lbs. Barley Corn Alf fa 
Hay 
Beginning 688 a Tae Sr tae Lt. 
1st week 796 108 10.8 152 152 144 
2nd week 894 98 9.8 176 176 90 
3rd week 992 98 9.8 190 190 54 
4th week 1084 92 9.2 189 210 54 
5th week 1145 61 6.1 193 210 76 
6th week 1230 85 8.5 248 210 60 
7th week 1368 138 13.8 230 230 60 
8th week 1474 106 10.6 210 210 60 
9th week i 1549 75 7.5 240 240 60 
10th week 1661 112 11.2 220 240 60 
11th week 1737 76 7.6 290 280 80 
12th week 1868 131 13.1 260 250 40 
13th week L991 123 12.3 240 250 40 
1303 130.3 2838 2848 878 
WEEKLY DATA, PEN 4. 1906-07 
(Ten head in each pen.) 
Barley and wheat, equal parts. 
‘ Average : 
Weight Gain Gain hohe ees 
Lbs. Lbs. per 
Head 
Lbs Barley » Wheat 
Beginning’ iis. wees 671 Fan ae eae rigs 
st. week” kh aenismneas 788 117 11.7 152 152 
879 91 Oo 187 187 
970 91 OF: 192 192 
| 1034 64 6.4 167 208 
| 1103 69 6.9 193 210 
11938 90 9.0 241 210 
1818 120 12.0 235 210 
1395 82 8.2 191 210 
1460 65 6.5 239 230 
1544 84 8.4 220 210 
| 1621 77 7.7 250 260 
Tth weeks) csecth eee 1729 108 10.8 240 250 
PStho Week |. /rcnaceeeete « 1824 95 9.5 195 250 
| 1153 115.3 2702 2779 


. 
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WEEKLY DATA, PEN 5. 1906-07 
(Ten head in each pen.) 


Barley and peas, equal parts. 


Average FEED LBS. 
Weight Gain . Gain 
Lbs. Lbs. per 
Head | 

Lbs. Barley Peas 

Beginning 687 | ii ore ns 
1st week 812 125 12.5 140 140 
2nd week 879 67 6.7 161 161 
3rd week 988 109 10.9 180 180 
4th week 1062 74 7.4 166 210 
5th week 1121 59 5.9 167 210 
6th week 1103* 59 5.9 235 210 
7th week 1241 138 13.8 249 210 
Sth week 1333 92 9.2 210 210 
9th week . 1402 69 6.9 247 230 
10th week 1509 107 10.7 246 240 
11th week 1588 79 7.9 240 240 
12th week ; 1686 98 9.8 250 250 
13th week 1722 36 3.6 182 182 
| SAM as 2673 2673 


* 147 tb. pig taken out; 70 Ib. pig put in. 
§ 1035 Ibs. plus 77 Ibs. lost in exchanging pigs. 


WEEKLY DATA, PEN 6. 1906-07 
(Ten head in each pen.) 
Barley and shorts, equal parts. 


Average FEED LBS. 

Weight Gain Gain 

Lbs. Lbs. per 

Head 
Lbs. Barley Shorts 

1 
BEN dA TINT 0 as, aetna late a 665 Bas Seg si 

Bt WICK) Gels ie cee. cae tala le 107 10.7 152 152 
ANU! WOOK a ere vatelerd ahs) eels 873 101 10.1 176." 176 
BI "WEOK) oases serene’ 974 101 10.1 180 180 
PEC NEOCIE Neier iret pei 1049 75 425 210 210 
It WWEOK, “Sie.3 iss. 5 cole os 1138 89 8.9 202 210 
SUD WE OK Wie os i en a e's ee 1195 57 5.7 203 210 
MET WEEK: sci ea'sivla aie» 1322 127 12.7 194 210 
RSL WOEKG, | 5 aiiaiie)'s, wiler.sice) sa. 26 1396 74 TA 190 210 
MUN ERVOCM cis lerein ek staan ve 1464 68 6.8 249 210 
AQ DRE WECK © fovea reise e's avecere 1582 118 11.8 222 210 
TOMEI Gis attire, acceycerene 1619 37 3.7 240 250 
ZEN WEEK Serie acc Sala vanwl ons 1765 146 14.6 220 210 
MISE WEEK rec a ia e's 6 elev « 1833 68 6.8 230 250 
1168 | 1168 2668 2688 
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WEEKLY DATA, PEN 7. 1906-07 
(Ten head in each pen.) 
Barley and tankage, nine to one. 
, Average FEED LBS. 
Weight Gain Gain 
Lbs. Lbs. per.- || » 
Head || 
Lbs. Barley Tankige 
Se Yarma bevat jc} = ee aaa 688 hoa Fas eat aT |e aa 
Set ENON hc eleleler she aratertc- 786 98 9.8 252 28 
OW OCG sii, ti cca svasendce oe 898 112 1122 324 36 
SECERMERIS Fo setals te arama.s Gis. 1035 187 EM 400 44.4 
MMAMEO KIN ry aieoie0;c. coup ine 1148 113 11.3 389 47.6 
Bay SG Bete eee ae 1188 40 4.0 393 50 
PERS COIG Ge he aale in co cara gis i 1319 131 to. 426 50 
SUMO GEC, Sets tpha a ince. ©: saanaye a 1430 eh 1 ALA BLA 59 
UI CGRA ulate ane Coote, e a a 1535 103 10.3 398 50 
OREO CHA ilere felleilnis isics.\6 es 3 1610 AT, on 433 50 
SUD ai 5,7 ee 1721 111 ae: 400 45 
SA OCHS eae) wi oe hae sta'e 0 1768 47 4.7 450 45 
SIA 0 or (2 en ee 1925 157 15.7 495 50 
OEM eGMGOKE wis cls /s'c 5) als ee) 1987 62 6.2 395. 50 
1299 1 12929 5266 ' 596 
WEEKLY DATA, PEN 8. 1906-07 
(Ten head in each pen.) 
Corn and tankage, nine to one. 
H Average FEED LBS, 
Weight Gain Gain 
Lbs. Lbs. per —_ oe 
Head 
Lbs. Corn Ta: kage 
Beginning 686 miter eed Sek 
1st week 778 92 9.2 252: 2 
2nd week 889 111 alae 324 36 
3rd week 1005 116 11.6 400 44.4 
4th week 1126 121 12.1 423 47.6 
5th week 1190 64 6.4 392 50 
6th week 1210* HAL? niles Bg 432 50 
7th week 1351 141 14.1 | 453 50 
Sth week 1444 93 9.3 362 50 
9th week 1516 72 Te 457 50 
10th week 1652 136 13.6 435 45 
1ith week 1707 55 5.5 495 45 
12th week 1869 162 16.2 540 50 
13th week 2006 187 ale 510 50 
1417§ | 141.7 5475 596 


* 162 Ib. pig taken out and 65 Ib. pig put in. 


§ 1320 Ibs. plus 97 Ibs. lost by exchanging pigs. 


Beets and barley, at pleasure. 
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WEEKLY DATA, PEN 9. 1906-07 


(Ten head in each pen.) 


F Average FEED LBS. 
Weight Gain Gain 
I,bs. Lbs. per 
Head 
Lbs. Barley Beets 
Beginning 686 oa Sinte am 
ist week 737 51 5.1 160 32 
nd week 838 98 9.8 219 43 
3rd week . 921 86 8.6 320 640 
4th week . 1006 85 8.5 284 700 
5th week . 1056 50 5.0 336 350 
6th week . 1125 69 6.9 408 300 
7th week . 1205 80 8.0 359 300 
8th week . 1276 eh Tok 343 300 
9th week . 1337 61 6.1 373 300 
10th week 1403 66 6.6 350 250 
11th week 1440 37 3.7 460 250 
MIZE WVOOK uses, wisi soe puatere 1537 97 9:7 460 150 
sth W6OK sais vice sie ste 1626 89 8.9 390 200 
940 94.0 4462 4498 
“ 
WEEKLY DATA, PEN 10. 1906-07 
(Ten head in each pen.) 
Beets and corn, at pleasure. 
: Average FEED LBS. 
Weight Gain Gain 
Lbs. Lbs. per 
Head 
Lbs. Corn Beets 
BPG IMU. s isicigiss vieike si 680 Sine Lae se 
SP WOCIG Susi in iiss scevern 0 776 96 9.6 160 320 
BOWOOK shen oko .e oaevate. + 848 72 Tz 219 438 
BTC WOCK: Disc ccipeve oss 2 921 73 7.3 320 640 
OOS GG EG i a ra 981 60 6.0 350 700 
BCMA WODI Gn isa ip je clare bieceie' «6 1044 63 6.3 350 150 
RENEE INGEST ies sig sae ss cia os 1090 46 4.6 400 3800 
A SS) aera 1158 68 6.8 425 300 
0 Ce 1221 63 6.3 849 300 
OC) 1297 76 7.6 426 300 
MOTD WEEK cic ce eens 1351 54 5.4 385 250 
UDC) ee re 1390 39 3.9 440 250 
BPE ATEWOOK ie visor cece e ares 1478 88 8.8 440 150 
Mati WEI. 6 ce. nie ece es 1543 65 6.5 435 200 
863 86.3 4699 4298 
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a oro or 96S =e ea Nake aa Se SLYS TLI4T ¢ 9006 989 seein) 9 1) Us 
eS 85'S ca 96S aie aa “aa oe 99@S Sy ta 6621 L861 BRO)" @ | Sette TIA 
a ss"9 ae ae. Sn re Bee 8892 goog aes SOIT eest G90) Scere ‘IA 
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eI 18Z 818 a ee ets ay an SESz Sb8Z e0et 166 S89 en | emis ‘IIL 
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TABLE D. 
ANALYSES OF FEEDS, 1906-07 


Dry Protein Crude Nitrogen Kther 
Matter Fibre Free | Extract 
| | Kxtract 
C 
BOP ERETIO’. «5:5/ein spares tes 5 Sha aha 93.465 11.872 7.795 70.718 
BEREORS \ntisisiseentiesap ee av ki tae 98.825 21.748 8.580 68,822 
Ree ILOLEM. EXAY et iace ule wack e eats 93.89 16.11 87.24 28.90 
my SUSAT BOL: jo. vs PA ate a 98.3388 8.578 8.515 TH.898 
S.Denver Tankago 2... ues 97.265 46.744 2.780 7.808 
4. Swift’s Tankage .......... 98.75 42.15 6.95 15,50 
4, ‘Armour's” Tankage . ew. si. 90.95 39.10 10,90 8.60 


al. Analysis obtained from Colorado Bulletin No, 85, page 81, 

2. Analysis obtained from Colorado Bulletin No. 46, page 37. 

8. Analysis by Douglas of GC. A. C. 

4. Analysis from Iowa Bulletin No. 65, (1902). Given for com- 
parison. 


TABLE KH. 
* PERCENTAGE DIGESTIBLE NUTRIENTS IN FHEDS, 1906-07 


DIG ESTLBLE NUTRIDNTS 


Dry Matter Protein Carbo- Hither 
Ilydrates Mxtract 
Ch Sie Eee 89.1 7.9 66.7 4,8 
MMT A Tou sal chu weal wiv eve erey 89.5 10.2 69.2 LT 
ROEM ON AM Wve aiviaw salkraviaien @ aula acy 80.4 7.96 68.9 p Myf 
ISRUSED foes a aca 6 eve WO TRIVER clack Avie h We eonte 81.2 18.0 86.1 O.T4 
ADE Mee Oe Renan Mus Giang? el ece'el abun 88.2 12.2 60.0 8.8 
tDenver Tankage ........ fiavueaaie 90.4 48.6 5.0 12,8 
4 Tb Pat ar RCE Tk 56.08 11,92 85.09 0.46 
SUPE GOS ie fo ocd aie lela ince 9! gild 87.5 6.38 15.9 O19 


* Co-efficients taken from “Weeds. & Feeding,” by Henry. 

+ Percentages (Meat Scrap), “Weeds & Feeding,” by Henry. Carbo- 
Hydrates estimated at 50%. ; 

§ Percentage of crude fibre and ether extract digestible estimated 


at 50%. 


Higerisrny TABLE.K. | ( Compiled from preceding tables.) 
FEED AND DIGHUSTIBLE NUTRIENTS CONSUMHD BY ALL PENS. 
13 WHEKS, 1906-07 


TOTAL PHRD TOTAL DIGHSTIBLA NUTRIGNTS 
} ee ee | Nutri- 
‘Total | May Beets |Tankage | Protein | Carbo- Hither tive 
Grain : Hydrates| Wxtract Ratio . 
esc wrrnat lee, cl Bee, | ose | Boo meas 
878 does ‘ 564 4185 264.0 7.9 
878 sau 556 4162 174.9 7.81 
: ’ 498 8785 93.2 8.05 
vas : 694. 2807 65.2 4.27 
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WEEKLY DATA, PEN 1. 1907-08 
(Hight head in pen.) 
Ration: Barley 3 parts, corn 3 parts, alfalfa hay at pleasure. 
‘ FEED LBS. 
Weight Gain ; yes 
Lbs. Lbs. per bead 1 
Lbs. Barley Corn a = 
SeSinMnINe 8s. csp. s omvean 484 ars ae ue 0 oe 
Bt CWEEK! as ove as inne oe 543 59 7.38 83 83 28 
Bail WP BERG cftateta\a) abalelores 610 67 8.38 105 105 34 
BLUM EEK). aciac sae 666 56 7.00 117 117 39 
AUT WOOK. 6 5h is pie cen 745 79 9.88 132 132 44 
MIU WEEK snes 6 bie eee cle 793 48 6.00 143 143 47 
GUE WEEK | iet lees come 850 57 7.13 143 143 40 
MEIUWEOK! icone Siaicheloniies 921 MA 8.88 150 150 42 
TRE WEEK yh cas eior. atop 972 51 6.38 150 150 36 
SUR OWOCK 6 dc )sacataaa Sere 1034 62 7.75 162 162 40 
DOCH week’: (05. c-:). Daves 1101 67 8.38 162 162 30 
TODD. WERE Ok ats wie cco 1152 51 6.38 172 172 34 
2th uawepke! fv.aaser eae 1200 48 6.00 195 195 30 
WSthy week) cyi/ckees sae 1280 80 10.00 195 195 28 
Ath Week: ce cara kere 1368 88 11.00 200 200 25 
LBths week”. ciosea peel 1415 47 5.88 200 200 22 
931 116.00 2309 2309 519 
WEEKLY DATA, PEN 2. 1907-08 
(Hight head in pen.) 
Ration: Barley 3 parts, corn 3 parts, tankage 1 part. 
AVERAGE FEED LBS. 
WEIGHT | GAIN GAIN 
LBS. LBS. PER 
HEAD 
LBS. Barley Corn Tankage 
Beginning 487 ee aD eats Rigs | vee 
1st week 520 33 4.13 83 83 28 
2nd week 634 114 14.25 105 105 34 
3rd week .. 700 66 8.25 117 117 39 
4th week 715 15 9.38 132 132 47 
5th week 850 75 9.38 143 143 47 
6th week 962 112 14.00 144 144 48 
7th week 1081 119 14.88 150 150 50 
Sth week 1158 77 9.63 150 150 50 
9th week 1262 104 13.00 162 162 54 
10th week 1376 114 14.25 162 162 54 
11th week 1475 99 12.38 172 172 57 
12th week 1569 94 11.75 195 195 65 
13th week 1660 91 11.38 195 195 65 
14th week 1752 92 11.50 198 198 66 
15th week 1855 103 12.88 204 204 68 
1368 171.00 2312 2312 | 769 


RATION EXPERIMENTS WITH SWINE, 1906-1908. 


WEEKLY DATA, PEN 38. 1907-08 
(Hight head in pen.) 
Ration: Barley 6 parts, tankage 1 part. 


AVG. 
WEIGHT | GAIN GAIN BRED ie 
LBS. LBs. PER 
HEAD 
LBS. Barley Tankage 
SGLUIMINS! sere «ccraca nena a 485 aoe Leman ‘ee < 
Met WACK. cet ek nae we 531 46 5.75 166 28 
BNO WOOK cet e swe 636 105 13,13) 210 34 
GMO Se oye sslia)aci5.to: etn al 3 696 60 7.50 234 39 
ELUNE WGGKS nitehe al stepeccnate wus) e 775 79 9.88 264 44 
BPH RWREK: te ea iies weed aa 852 77 9.63 286 47 
GED WOK. Ric lencdeis es aiaher sie als 920 68 8.50 288 48 
CUNY WEE. eek cae es 1027 107 13.38 300 50 
BEN WC g test aw shen cers 1100 73 9.13 300 50 
DUP WOO s acaidiivcs wow Rae 1222 122 15.25 324 54 
TOE WOOK vee ale ee eo 1319 97 12.13 324 54 
APS WEE! these 6's warner e 1400 81 10.13 344 57 
PZEN EWE rye ticle os aeeiine 1470 70 8.75 390 65 
WB te WECIK 6) ae oreo welatenoce 1578 108 13.50 390 65 
ATH WOCKS ¢ cifuete a lemloters 1672 94 21.765. 396 66 
DSU Week. gos Ge ie eds 1745 73 9.13 408 68 
| 1260 158.00 4624 769 


WEEKLY DATA, PEN 4. 1907-08 
(Hight head in pen.) 
Ration: Corn 6 parts, tankage 1 part. 


é Average FEED LBS. 
Weight Gain Gain 
Lbs. Lbs. Per 
Head 
Lbs. Corn Tankage 
FORUM ee ee ee es 8 486 iste Ra Nees a 
PRE EVO ca: wl 5 onesie a a's 510 24 3.00 166 28 
600 90 11.25 210 34 
: 679 79 9.88 234 39 
736 67 TAs 264 44 
826 90 11.25 286 47 
922 96 12.00 288 48 
1026 104 13.00 300 50 
1112 8&6 10.75 300 50 
1219 107 13.38 324 54 
1332 113 14.13 324 54 
1425 93 11.63 344 57 
1510 85 10.63 390 65 
1617 107 13.38 390 65 
1704 87 10.88 396 66 
1795 91 11.38 408 68 
1309 164.00 4624 769 
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WEEKLY DATA, PEN 5. 1907-08 
(Hight head in pen.) 
Ration: Durum wheat 6 parts, tankage 1 part. 
Average FEED LBS. 
Gain 
Weight Gain per 
bs. Lbs Head 
Lbs. Durum Wheat Tankage 
Hesinnine veoh nese 484 Pera anes a ; 
MSE WEI (iunlsle A a adsusraetpis ‘515. 31 3.88 166 28 
AWE WSO) icicle sisi’ anette ale 598 83 10.38 210 34 
TAT OCK: ays d2sipl oie SUSE alle 692 94 12.75 234 39 
ETD WECK ciclo tsilate/e'e agente’ » 760 68 8.50 264 44 
DBD NYS ro al pede oeenn 856 96 12.00 286 47 
Sth Weeles ate oy bieic-cre leah pie 892 36 4.50 288 48 
Nt NGC Sie se ctere..c “es etryers 1013 121 153 300 50 
Sth Week. ows sais cence 1123 110 13.75 300 50 
OEM WEEK saiow i wt aces a gate 1218 95 11.88 3824 54 
POG: Week sre aieatwhe we 1315 97 12.13 324 54 
Eth: Week... wise nfein eps © 1433 118 14.75 344 57 
LZth. Weel» seis ees alge o ue 1492 59 7.38 390 65 
VBth Week weds ssevedee 1602 110 VS.75. 390 65 
PACH. Wee. 6 siete ase ais 1673 71 8,88 396 66 
Ot WRK: aie cyele sin ewes 1770 97 12.13 408 68 
1286 161.00 4624 769 
WEEKLY DATA, PEN 6. 1907-08 
(Hight head in pen.) 
Ration: Durum wheat 3 parts, corn 3 parts, tankage 1 part. 
Average FEED LBS. 
Gain 
Weight Gain per 
Lbs. Lbs. Head | 
Lbs, Durum Corn Tankage 
Wheat 
Beginning 487 re Lies aie 
ist week 533 46 5.75 83 83 28 
2nd week 606 73 9.13 105 105 34 
3rd week 692 86 10.75 TAN newts 89 
4th week 167 75 9.38 132 132 44 
5th week 857 90 UEZ5 143 143 47 
6th week 950 93 11.63 144 144 48 
7th week 1066 116 14.50 150 150 50 
Sth week 1158 92 11.50 150 100 50 
9th week . 1262 104 13.00 162 162 54 
10th week 1370 108 13.50 162 162 54 
11th week 1469 99 12.38 172 172 57 
12th week 1552 83 10.38 195 195 65 
13th week 1644 92 11.50 195 196 65 
14th week 1768 124 15.50 198 198 66 
15th week 1870 102 L275 204 204 68 
1383 173.00 2312 2312 769 
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TABLE Ii. 
TOTAL FEED, WEIGHTS AND GAINS, ALL PENS 1907-08 
(15 weeks, 8 pigs in each lot.) 
TOTAL FEED CONSUMED 
Weight |Weight| Gain Nutri- 
PEN NO. at ait eee aie tive 
Beginning | Close |Weight| Barley | Corn | Durum! Tankage | Alfalfa Ratio 
Wheat | Hay 
Teves ccs) Asha 484 1415 921° | 2309 | 2309 wig 519 8.10 
aoe ie sco coc 487 1855 | 1368) | 2312.) 23812 769 Bayes 5.33 
toe Aer 485 1745 | 1260 | 4624 Urea rT oe 769 b.19 
Hair states eater 486 1795 | 1309 By t ss 4624 aes 769 5.47 
ee Fe Bae ages 484 1770 | 1286 Ares 4624 769 4,54 
5 eg a a eee 487 1870 | 1383 2312. | 2312 769 | 4.97 
TABLE IV. 
ANALYSES OF FHEDS, 1907-1908 
Dry Matter Protein Crude * Nitro-Free Ether 
Fibre Extract Extract 
Psemloye iurun tek antic ae 93.465 HST ol wtb 70.713 1.95 
Durum-(Wheat.. i... < 90.189 10.394 2.746 71.185 2.217 
Selected Tankage...... 97.265 46.744 2.730 7.308 13.078 
POU Ren te Ed AY hes eral hives 93.39 L6L1 37.24 28.90 1.18 
TABLE V. 
PERCENTAGE DIGESTIBLE NUTRIENTS IN FEEDS, 1907-1908 * 
| Dry Matter Protein Carbo- Ether 
Hydrates Extract 
PRET OM Curae say anata tervals sree ar niets ysis 80.4 7.96 68.9 nee 
REDE Stn he KI cance a. a) coy ee eel eae 89.1 7.9 66.7 4.3 
SMPTE, WLS ELE 5) 5) al eter ese aca Saual ever 89.5 | 10.2 69.2 LT 
Selected Tankagey -.......00. 90.4 43.5 5.0 12.8 
PREMERA aca nt wie oo wl arrlaln aiac 56.03 11.92 35.09 0.46 


* Coefficients obtained from Henry’s ‘‘Feeds and Feeding.”’ 
§ Coefficients used from common wheat. 
+t Percentages used from meat scraps. 


TABLE VI. 


(Compiled from preceding tables.) 
FHED AND DIGESTIBLE NUTRIENTS CONSUMED, 1907-1908 


(All pens, 15 weeks.) 


TOTAL FEED 


TOTAL DIGESTIBLE NUTRIENTS 


PEN NO. ns 

Total Hay |Tankage | Protein Carbo- Ether Nutritive 
Grain Hydrates| Extract Ratio 
OBR Trea sists rok Seatlira vay vaca. « 4618 O19; | ae 427 3313 140.90 8.10 
RTO. Seti lle eae tae 4624 ues 769 702 3173 237.14 spp} 
PMU is). ayshial sv aia era 4624 ia 769 703 3224 177.03 (aps) 
DNs ccs eal sce peare ae « 4624 769 TOL 3122 297.25 5.47 
Beato farce ar ahs 4 4624 ete 769 807 3238 177.04 4.54 
ATS GTS tiga aba ata bea 4624 | 769 754 3180 237.04 4.97 
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Information Concerning the Colorado Carriage Horse 
Breeding Station 


By JOHN O. WILLIAMS 


This circular is not intended as a publication of any results 
attained in the carriage horse breeding experiment, but is intended 
as a circular of information so that‘interested persons may acquaint 
themselves with the object of the experiment conducted at the Colo- 
rado Breeding Station and the conditions by which they may avail 
themselves of the services of the various stallions in use at the 
station. 

HISTORY AND OBJECT OF EXPERIMENT, 


On July 1. 1904 an appropriation of $25,000 by Congress be- 

came available to the U. S. Bureau of Animal Industry for ex- 
periments in animal breeding and feeding in cooperation with the 
State Experiment Stations. Under this Act, carriage horse breed- 
ing was inaugurated in cooperation with the Colorado Experiment 
Station. : 
The first purchase of foundation stock was made in December, 
1904 from George D. Rainsford, Diamond, Wyoming, and com- 
prised six mares of excellent breeding and good carriage conforma- 
tion. The next purchase was made in February, 1905 and included 
the standard-bred stallion “Carmon” 32917 (formerly shown as 
Glorious Thundercloud) and twelve trotting-bred mares of superior 
merit as show animals. ‘These mares were bred in the various 
middle-western states and in Kentucky. ‘The next purchase was 
made in June, 1906 and included the two saddle-bred mares Beat- 
rice 2079 (S) and Mambrina 2400 (S). The last purchase was 
made in March, 1908 and comprised four mares from various 
breeders in Kentucky. ‘These mares were Golden Picture 2788 
(S); Bethel Princess 4796 (S); Barthenia McCord 4223 (S), 
and Elvira Lindsey 3083 (S). 

The above named animals constitute the foundation animals 
of the experiment. The progeny of the foundation mares are care- 
fully selected, and those adhering closely to the desired type are 
retained for breeding purposes. New blood will also be introduced 
from time to time through mating the offspring of the foundation 
mares to stallions other than those in use at the station, as well as 
through the purchase of additional animals. 

The object of the work is to study the possibilities of evolving 
an American carriage horse from the American trotter, Morgan, 
and American saddle horse. ‘The trotter is being used as the basis 
of the work and the two other native-blood lines are being used 
to supply the desired qualities they are known to possess. Through 
judicious blending of these blood lines, the ultimate American 
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carriage horse will be realized. This does not mean that animals 
which will fill the requirements are not already available as many 
specimens of “native” breeding have demonstrated their high 
carriage qualities by defeating the best imported animals in compe- 
tition in the show ring. The encouragement for the retention of 
these outstanding individuals for breeding purposes is one of the 
admirable objects of the work by the department. 

The qualities desired in a high class carriage horse are sub- 
stance, quality, stamina or endurance, high-balanced action, good 
temperament and speed. The latter qualification is very desirable 
in most cases, but not in itself essential in the production of either 
a marketable or high-class carriage individual. 

In order to present the desired qualifications of a carriage 
horse to the breeders, and also to encourage the production of a 
uniform type of carriage horse, the U. S. Department of Agri- 
culture in cooperation with the American Association of Trotting 
Horse Breeders, has formulated a classification for American car- 
riage horses which has been adopted by the various State Fairs 
throughout the United States. * - 

The classification is as follows: 

TYPE. 

The type desired for the American carriage horse is as fol- 
lows: Not under 15 hands for mature horses; smooth, compact, 
and symmetrical conformation; neck of good length, inclined nat- 
urally to arch; sloping shoulders; well-set legs of medium length; 
sloping pasterns and good feet; short, strong back; well’ sprung 
ribs well ribbed up to coupling; smooth loins; full flanks; straight 
croup, with well-set tail; full round quarters. 

CONDITIONS GOVERNING ENTRIES. 

Classes open only to horses of American blood. 

Stallions in classes I to 5, itclusive, must be registered either 
in the American Trotting Register as standard, in the American 
Morgan Register, or in the American Saddle Horse Register, and 
certificate of such registry must be shown in the ring if required. 

Entries in all classes for mares must be registered either in 
the American Trotting Register as standard or non-standard, in the 
American Morgan Register, or in the American Saddle Horse 
Register, and certificate of such registry must be shown in the ring 
if required. 

Entries as get of sire in class 5 and produce of mare in class 
IO, and entries in class 11 must be sired by a stallion registered as 
above, out of mares registered as above. 

No mare having any draft cross will be eligible. 


*From Twenty-Fourth Annual Report, B. A. I., U. S. Department 
of Agriculture. 


CARRIAGE Horsk BREEDING. 5 


Any exhibitor falsifying the breeding of entries will be 
barred. 
Entries in all classes must be practically sound. 


JUDGING. 


Entries in all classes to be judged on conformation, style, 
action, and manners as a suitable type of carriage horse. Special 
attention will be given to trueness of action. Good knee and hock 
action are essential. Entries in all classes should trot and walk 
straight and true, and judges will especially avoid horses showing 
a tendency to pace, mix gaits, paddle in front or sprawl behind. 

The following percentages will govern judges in classes I, 2, 


STUD NO, 1. CARMON 32917, AT 15 YEARS OF AGE. 


Standard bred carriage stallion, shown as “Glorious Thundercloud.’”’ At the head 
of the Government stud at the Colorado Experiment Station. 


3, 4, 6, 7, 8, 9: General conformation and all-round suitability 
as a carriage type, 60 per cent; style, action, and manners, 40 
per cent. 

The following percentages will govern in class 5: General 
conformation and all-round suitability of sire as a carriage type, 
30 per cent; style, action, and manners of sire, 20 per cent; gen- 
eral conformation and all-round suitability of get as a carriage type, 
taken as a whole, 30 per cent; style, action, manners, and uni- 
formity of type in get, 20 per cent. 

The following percentages will govern in class 10: General 
conformation of dam as a brood mare of the carriage type, 50 per 


6 THE CoLorapo EXPERIMENT STATION. 


STUD NO. 37, ALBION, AT 4 YEARS OF AGE. 


STUD NO. 39, ALVA, AT 4 YEARS OF AGE. 


CARRIAGE Horské BREEDING. 


STUD NO. 40, BALFOUR, AT 3 YEARS OF AGE. 


8 THE CoLORADO EXPERIMENT STATION. 


cent; general conformation, style, action, and manners of the 
foal, 50 per cent. 

The following percentages will govern in class 11: General 
conformation of entry as a carriage type, 70 per cent; style, action, 
and manners, 30 per cent. 

MANNER OF SHOWING. 


Entries in classes 1, 2, 6, and 7 to be shown in harness, hitched 
to any suitable vehicle. Entries in all other classes to be shown in 
hand to bridle or halter. Excessive weight in shoeing in any 
class is forbidden. 


CLASSES, 

Class 1. Stallion 4 years old or over. 
Class 2. Stallion 3 years old and under 4. 
Class 3. Stallion 2 years old and under 3. 
Class 4. Stallion 1 year old and under 2. 
Class 5. Stallion with three of his get of either sex; get need 

not be owned by exhibitor. 
Class 6. Mare 4 years old or over. 
Class 7%. Mare 8 years old and under 4. 
Class 8. Mare 2 years old and under 8. 
Class 9. Mare 1 year old and under 2, 


Class 10. Mare and foal of either sex. 
Class 11. Foal under 1 year old, either sex. 


The above classification, if carefully studied, will give the 
breeder a definite idea of what is desirable in an American car- 
riage horse. ‘The classification is not intended to antagonize or 
conflict in any way with the classifications offered for individuals 
possessing the blood lines mentioned therein. ‘The type desired is 
distinct from either those required in the American Trotter, Ameri- 
can Saddle or Morgan classification. 


SALE OF SURPLUS ANIMALS. 


The animals used in connection with the breeding operations 
at the station, along with their offspring, are inspected annually 
by a Board of Survey consisting of Mr. Geo. M. Rommel, Chief of 
Animal Husbandry Division, U. S. Department of Agriculture; 
Professor C. F. Curtiss, Director of Iowa Experiment Station, 
and the officer in charge of the breeding establishment, with a 
view of determining the producing qualities of the various animals 
in the stud and the progress made during the preceding year. In 
the past the inspection has resulted in the elimination of some of 
the original herd of mares and many of the offspring produced at 
the station and placing them on sale to the public at auction. The 
animals eliminated from the stud in this manner are sold without 
reserve and also without obligation on the part of the station to 
the buyer after the animal is sold. 


STALLIONS IN SERVICE. 
The stallions described herein will be allowed to stand for 
public service to a limited number of approved mares. 


CarrRIAGE Horssé BREEDING. 


CARMON—32917, Stud No. 1. * 


The stallion Carmon is the foundation sire in service at the 


breeding station. 
and weighs 1250 pounds. 
carriage type. 


He is a bright bay, standing 16 hands in height 
Carmon is a standard bred stallion of 


PEDIGREE OF CARMON 


No. 211 


Robert McGregor 
No. 647. 


4 
( Nancy Whitman 


No. 8405. 
CARMON ..--- Nutwood ----- ---- 
No. 32917. No. 600. 
Annie Nutwood -- 
[Breed stand- (non-standard) 
ard bred; sex, Vol. fae a 376, 


| 
| 
| 
ft 


male; color, 
bay; height, 16 
hands; weight, 


{ Major Edsall------ - 


| Merchant------ ---- 7 
\e 


Abdallah, 
No. 15. 


By Harris’s Ham- 
L bletonian No. 2. 


American Star 
No. 14. 


Nance, by Young 
Messenger Duroc 


Belmont, 
No. 64 


Miss Russell by Pi- 
lot. jr., No. 12 


{ Belmont, 


1,250 pounds; 
date of birth, No. 64. 
1895. Breeder, 
Norman J. Col- + Lady Mambrino by 
man, St. Louis, No. 599. Mambrino Chief 
Mo. At Stud, No. 11 
Colorado Ex- Monitor 2-Se2=.--- ; 
periment Sta- No. 1327. Trojan. 
tion, Fort Col- > sNox3l2 
lins. Colo. EDT OJ ATA) eas eae 
j By Hercules 
Ethan Allen. 
MonitorMaid + No. 43. 
Vol. XI. 4 
D. 646, Seth Warner ------ | Sontag, by Harris’s 
LSE a7 te 2 No. 281. Hambletonian, 
L No.2. 
Clara: Caz wae : 
Vol. XI, p. 389. Abdallah, jr. 
aaa ty No. 5720. 
Wetacesesaa-=2-s-55 
Glencoe Belle, by 


Old Bull. 


*In giving registry numbers the following system is used to indi- 


cate the register in which any given number appears: 


American Trotting Register are printed open, thus: 


Those in the 
Carmon 32917. 


Those in the American Saddle Horse Register are followed by a capital 


S in parenthesis, thus: Chester Bourbon 3577 (S). 
are designated thus: (TH). 


Thoroughbred horses 
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ALBION—Stud No. 37. 


Albion is a bright bay stallion, standing 16:1 hands in height and weighing 1300 


pounds. 


Fedigres is as follows: 


He was sired by Carmon and his dam, Arizona, was sired by Emigrant. 


His 


{ Carmon 


ALBION 
Stud No. 37 


Sex, male, col- 
or, bright bay; 
height, 16.1 
hands; weight, 
1,300 pounds; 
date of birth, 
April 9, 1906; 
breeder, Colo- 
rado Exp. Sta- 
tion, Fort Col- 
lins, Colo. 


Arizona 


} 
4 


No. 32917 


PEDIGREE OF ALBION 


{ Robert McGregor, 
No. 647. 


Cartiagie.--4525 =. 7 
No. 8405 (non standard) 4 
Vol. VI., p. 376, i 


Ans RS 


Monitor 
No. 1327. 


Monitor Maid ---- J 


Stud No. 17 


Vol. XI., p. 646, | 
As SN ORAO © «|| Clara ese eee sacce 
Vol. XI., p. 389, 


L AJTOR: 


{ Lord Winbeam.-.--- | 


Emigrant 


\ Lady Spartan ---- } 


Red Bud (Th) --.- 4 


Major Edsall 
No. 211 


Nancy Whitman 


Annie Nutwood .. { Nutwood 


No. 600 


| Annie Watson 


Merchant 
No. 599 


Trojana 


Seth Warner 
No. 281 


Grace 


" George Peabody by 


Hamiltonian 
No. 10 


{ Spartan by Ethan, 


Allen 43 (Mor- 
gan). 


Tom Bowling, by 
Lexington. 


Oleander, by Tip- 
perary. 


Spartan Jr., by 
Spartan (Mor- 
gan) 


Lady Fauna 


ALVA—Stud No, 39. 


The stallion Alva is a bright bay in color, standing 15:1%4 hands in height and 


weighing 1100 pounds. 


His pedigree is as follows: 


ALVA 
Stud No. 39 


Sex, male; col- 
or, bright bay; 
height, 15.1% 
hands; weight, 
1,100 pounds: 
date of birth, 
March 23, 1906; 
breeder, Co lo- 
tado Exp. Sta- 
tion, Fort Col- 
lins; Colorado. 


| 
| 


Carmon . 
No, 32917 


Washington 
Stud No. 2 


PEDIGREE OF ALVA 


wis er age 


Carnagie ----. | Annie Nutwood -- 
No. 8405 (non-standard) 
Vol. VI., p. 376, 
ACTS Re 
a (Monitor ssese-2e= { 
| No. 1327 
Monitor Maid 
| Vol. XI. p. 
646, A. T. R, Clara: Geo cos ecween 
L Vol. a p. 389, 
AUTOR 
eee Cc BE piccelt 
Morgan Messenger | 


Clermont, 2:28% -- 


Midor see 


Nancy Whitman 


Nutwood 
No. 600 


Annie Watson ---- 


Merchant 
No. 559 


Trojana 


Seth Warner 
No. 281 


Red Wilkes, 1749, 
by Geo. Wilkes 519 
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BALFOUR—Stud No. 40. 


Balfour is a dark bay stallion, standing about 15 hands in height and weighing 
1025 pounds. He is a stallion of exceptional quality and action. His pedigree is as 


follows: 
PEDIGREE OF BALFOUR 
{ Major Edsall 
j No. 211 
{ Robert McGregor } 
BALFOUR [ No, 647 Nancy Whitman 
Stud No. 40 ( 
Cagmon) .. =: =. Carnagie ---.-_- 4 Annie Nutwood .- ( Nutwood 
Sex, male; col- | No. 32917 ' No. 8405 (non-standard) No. 600 
or, dark bay; Vol. VI., p. 376, ) 
height 15 h'ds: A. TLR. _ Annie Watson 


weight, 1,025; 
pounds; date of 
birth, April 19, 


Sees 
ce 


( Merchant 
No, 599 


1907; breeder, CoMionitor 1.--5-o0--} 
Colorado Exp. | Dakota, Stud No. 1327 _ Trojana 
Station, Fort No. 7 (In ser- | Monitor Maid 
Collins, Colo. vice at Experi- | Vol. XI., p. 646, art Seth Warner 
ment'l Station) | Ag. R: Clara’ Gy ssc. No. 281 
Vol. XI., p. 389, } 
AT. Rs Grace 


CHESTER BOURBON—357 7 7 (S). 


This stallion is a registered American Saddle stallion which will be placed ie the 
stud during the season 1911 to a limited number of approved mares. This horse stands 
15:2 hands, and weighs 1000 pounds as a two year old. His description and pedigree 


follows: 
PEDIGREE OF CHESTER BOURBON 
Clark Chief 
No. 89, A. T. R. 
Harrison Chief-.-. } 
f No. 1606 ($) Lute Boyd 
{ Bourbon Chief 
No. 976 (S) | Latham’sDenmark 
No, 69 
1223 Ua eee 
Dau of Bellfounder 
{ Bourbon King Harrison Chief 
No. 1788 (S) No. 1606 (S) 
King (Wilson's) -- 4 
No. 2196 (S) Dau. of Parson’s 
CHESTER lL Abdallah 
BOURBON Apinie Ciscoe ¥ a 
No. 3577 (S) No. © 028 (s) Richlieu, he by In- 
L dian Chief 1718 
Breed, Ameri- { (Ss) 
can saddle; sex, ; eateyeec nse nce 
male; color, Kate by Kentucky 
bay; height, Chief 
15.2 hands; | 
weight, 1,000 Black Eagle 
pounds; date of | No. 74 (S) 
birth, May 5, Black Sapisrel PEND, 
1908; breeder. No. 58 (S) Mollie 
A. G. Jones, L No. 70 (S) 
i - coe ote & E 
noly ma | Dave Akin (Th) 
Nannie Seis wae No. 755 (S) 
No. 472 (S) ; 
\ Nannie 
oh eae Mc- : 
ENS Rattler 
be Xo, eae I ( Peavine .--..----. ] Dau. of Wagner Jr. 
No.|85 (S) "Ko Crh) 
Dauiyasaqesees. ‘ ‘Trojan 
TOY if eS ae Dau. of Brinker's 


Drennon, 1600 
(S) 
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The stallions herein named are in service at the station during 
the season of 1910. Other stallions will mature and be placed in 
service during each succeeding year, thereby adding to the number 
now in service. 

TERMS OF SERVICE. 


Private individuals can avail themselves of the services of the 
above named stallions under the following conditions : 

1. The mares to be bred must be approved by the officer in 
charge. 

2. Service fee must be paid at the time of first service, the 
amount for each stallion being given below. The groom is in- 
structed not to furnish service unless authorized by the officer in 
charge. 

3. Owners of mares will be allowed return privileges at any 
time during the breeding season of the same year in which the 
first service is given. The following fees will prevail until further 
notice : 


Carmon (eee $25.00 
Albion 

Al yay sc 5 5 eee eer cee ae 
Balfottria....toeeeeeee en ee 10.00 


Chester Bourbon (will be placed in 
stud, IQII). 


4. The utmost care will be exercised to prevent any acci- 
dents while mares are in the custody of the Colorado Experiment 
Station, but neither the Station nor the Department will be re- 
sponsible should any occur. 


FACILITIES FOR KEEPING OUTSIDE MARES. 


The Station is equipped to keep a limited number of mares 
belonging to private individuals. This arrangement is provided for 
those who send mares from a distance. Owners of mares living 
within a convenient distance of the Station cannot be provided with 
accommodations for their mares. 

The following fees will be charged for mares kept at the 
Station : 

For pasturage alone, 50 cents per week for each animal. 

For paddock at Station (with hay and pasturage), $1.00 per 
week for each animal. 

For box stall and stable accommodations, $1.50 per week for 
each animal. 

If grain ration is desired, and additional charge of $1.00 per. 
week for each animal will be charged. 
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LIFE AND CARE OF FARM MACHINERY IN COLORADO 


By H. M. BAINER and H. B. BONEBRIGHT 


The twelfth census report of 1900 places the valuation of the 
agricultural implements on the farms of Colorado at $4,746,755.00. 
Knowing of the wonderful development of agriculture in Colorado 
within the past decade, a conservative estimate would not place 
the present valuation at less than $10,000,000.00. 

In traveling over the state, the ordinary observer is unfavor- 
ably impressed with the methods now commonly found in use by 
our farmers for taking care of their machinery. As a general rule, 
the prosperity of the farmer may be estimated by the way he cares 
for his machinery. Poor care indicates shiftlessness, waste, lack of 
energy and the necessity of buying more machinery in a short time. 


Plate 2. The profits from many Colorado farms are found in such 
“junk heaps” as this, 


Good care, on the other hand, indicates prosperity, development, 
bank deposits, and long lived machinery. 

At the present time there is a growing demand for informa- 
tion on the subject of the life and care of farm machinery in Colo- 
tado. With the idea of obtaining this information, the Farm 
Mechanics Department has carefully investigated the machinery 
conditions on over two hundred representative farms in all parts of 


the state. This information is summarized in the following re- 


marks: 
SELECTION OF MACHINERY. 


Type.—The proper care of a farm machine begins in the care- 


ful and intelligent selection of the correct type of machine for the 


work which it is expected to do. This point is too often overlooked 
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by the man who is strongly prejudiced in favor of some particular 
make or so-called “line” of implements. 

Size-—When the correct type of machine has been selected, 
its size should be carefully considered. By the use of sufficiently 
large and strong implements, with large capacity, a great deal of 
time and labor is saved and the life of the machine is greatly 
lengthened. 


For example, on a fair sized field, a three section harrow will 
do one-half more work with the same amount of man labor. The 
teeth, having to travel less distance in harrowing the field, will re- 
main sharp longer, and, consequently, the efficiency of the harrow is 
increased, while the time required for the work is decreased. 

Three section harrows were found in operation on one-third of 
the enumerated farms of 80 acres and over. Three section harrows 
were used on but one-half of the enumerated farms of 160 acres 
and over, the remaining one-half using nothing larger than the two 
section harrow. In no case was a farmer found who had used a 
three section harrow and was willing to discard it for one of two 
sections. 


A man of ordinary ability can handle a two bottom gang plow 
nearly as easily as a sulky, or one bottom plow. By the use of the 
gang the capacity of man and plow are doubled, while the wear 
on each plow is only one-half what it would be on the single plow, 
were it made to cover the same number of acres as the gang. Then 
too, time is saved in case the shares must be taken to a shop for 
sharpening, as only one-half as many trips are necessary for the 
gang as with the single plow, for a field of equal size. 


Gang plows, ranging from two to four bottoms, are now being 
used on less than nine per cent of the farms of 80 acres or more 
which have been investigated. In communities where suitable gang 
plows have been tried, the demand for them is increasing. 

In some cases, such as gardening, special farming deep work, 
etc., it is often not advisable to try to cover too much ground at 
once. Again, some of our special implements are made only 
in single units, such as the modern two-way plow. ‘This plow has 
many advantages that will often justify its use in place of the two 
and four bottom gang plows. 

Accessibility to Repairs——In selecting machinery, it is usually 
advisable to consider the matter of securing repairs. Repairs or 
new parts must be secured for nearly every farm implement some 
time, or perhaps several times, during the life of it. Usually, the 
repairs are not ordered until the implement will not run any longer 
without them and then they must be secured in a hurry. For ex-. 
_ ample, the binder, mower, or other important implements or ma- 
chines must be repaired at once, or the farmer may lose part of his 


- 
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crop while waiting for repairs. In this case, the question of being 
able or unable to secure the necessary repairs, may represent the dif- 
ference between loss and gain on the season’s crop. For such imple- 
ments as are absolutely necessary during certain seasons, the owner 
should be able to get repairs on not over one day’s notice, if not at 
once. Instances were found where the farmer was compelled to 
buy a new machine of another make simply because he was unable 
to ge a repair for his old machine in time to do the necessary work. 

Oiling Devices.—Good visible oiling devices should be found 
on every farm machine. In selecting machinery this point should 
be kept in mind, as the life of the machine depends to a considerable 
extent upon whether or not it can be kept thoroughly oiled. Often 
all the necessary oiling provisions are made, but they are not in as 
plain sight as they should be and for this reason are likely to be 
overlooked. 

Again, the oil holes should be well protected from dirt, and 
should also be easy to clean. Fast running machinery and that 
which needs oil constantly should be provided with good, self feed- 


Plate 38, Machinery loses much of its value if kept in an agent’s back 


ing oil cups. Hard oilers have proven very satisfactory, especially 
where the parts are subjected to a great deal of dirt and there is no 
question but that they should be used even more than they are at 
present. p 

Thoroughly Painted—The new implement or vehicle, as it 
comes from the dealer, should show a good grade of paint. This 
is especially true of buggies and wagons. ‘The paint should show 
that it has been applied in smooth thin layers, which have been 
well rubbed down, and should not show a tendency to clottiness or 
scaliness. ‘The paint should be covered with a good coat of varnish. 
The character of the implement or vehicle is reflected to a 
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certain extent by the paint which covers it. Certain implements are 
known by their good paint, others are known by their poor paint. 

New Machinery.—In buying new machinery or implements, 
the farmer should see to it, that he is not paying the price of a new 
machine for one that stood,in an open back yard of some implement 
dealer, from one to three years. This is often the case and there 
is no good excuse for it from either the standpoint of the dealer or 
the farmer. 

In the first place, the dealer should not allow his new machinery 
to stand in the open for long periods, and thus let it become weather 
beaten and damaged. In the second place, the farmer should not 
buy this damaged machinery at new machinery prices. He must 
consider that an implement is damaged as much by standing out 
one year, as it would be by actually using it one season. 


PROPER ADJUSTMENT AND REPAIRS. 


Adjustments.—Nearly every one understands the importance 
of making proper adjustments on farm machinery. A large per- 
centage of the machines found in the field are badly out of adjust- 
ment. In many cases the improperly adjusted machines do such 
inferior work that they are discarded long before they are worn out. 

For example, on one of the farms investigated, a binder, of 
reliable make, was found which had cut but ten acres before being 
discarded eight years ago, simply because the operator was unable 
to properly time the binder driving gear, after he had removed the 
cog wheel to replace a defective spring. ‘The same make and type 
of binder has been in active operation on another investigated farm 
for the past twelve years. It has cut at least nine hundred acres 
and is still in first class condition. 

The improper adjustment of one part of a machine often leads 
to the ruination of several other parts, much time of man, team 
and machine is lost ‘tinkering’? with improperly adjusted ma- 
chinery. In a large percentage of cases, the draft of the implement 
is unnecessarily increased because of improper adjustment. Not 
only is the draft increased, but it is not uncommon to find side 
draft produced in the machine as a result of improper adjustment. 

The loss due to the discarding of machines before they are 
worn out, the inferior work, the damage to teams from excessive 
draft and side draft, and the valuable time lost in “tinkering” 
always justifies the spending of sufficient time to put the farm ma- 
chinery in proper adjustment before it is put into regular service. 
Many of these adjustments may be made long before the machine is 
needed. 

Repairing Machines.—Every machine, in active operation will 
sooner or later need repairs. ‘The operator should be able to forsee 
the need of a large part of the necessary repairs some time before 
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they are actually needed. Of course, in the case of parts that break 
unexpectedly, due to defects or accidents, the operator has a reason- 
able excuse for not forseeing the trouble. But in cases where parts 
are worn, or weakened, there is little excuse for not making repairs 
long before the machine is to be operated again. In some cases 
it may be desirable to operate the old part for some time after it is 
badly worn. Under such conditions, good judgment demands the 
keeping of the extra part on hand ready to be substituted when 
occasion demands. As a worn part often ruins some unworn part, 
it is often advisable to replace the badly worn part at once. The 
main gear on a binder is an excellent example of the last mentioned 
case. After the pinion becomes worn, it is likely to either cut out 
the gear wheel or slip cogs, thus endangering chains and other 
gears. 

It is advisable to place a tag upon each machine at the end of 
the season, stating just what repairs and adjustments are needed, 
so that these may be secured or made during the time when work 
is not pressing. 

The investigation, which was carried on in May and June, 
showed that out of 1,716 machines (not including any discarded 
machines) 60.6 per cent were not in need of repairs. 27.15 per 
cent were in need of repairs according to statements received on 
the farms. The investigator could easily see, without careful ex- 
amination, that 18.6 per cent of the machines needed repairs that 
were not reported. On 109 or 6.35 per cent of the machines the 
investigation showed that repairs in addition to those reported 
on the farms were needed. (The discrepancy of 6.35 per cent is 
thus explained.) 

Sharpening.—There is little doubt in the minds of experienced 
farmers but that dull implements do an inferior grade of work, 
and at the same time, they unnecessarily increase the draft. 

In general, with the exception of the smoothing harrow, the 
implements investigated proved to be as sharp as could reasonably 
be expected. Plows, disc harrows, cultivators and weeders were 
found to be in first class condition so far as sharpening was con- 
cerned. On the other hand, the smoothing harrow, one of the most 
important of farm implements, was found to be too dull for good 
service in 77 per cent of the investigated cases. Nearly 7 per 
cent of the harrows were too nearly new to be badly dulled, while 
only 16 per cent of the harrows had had the teeth reversed or 
sharpened. In the records of the dry farming sections over 83 
per cent of the harrows (not including new ones) were sharp. In 
a great many cases, all that was necessary was the reversing of 
the teeth in order to give all the advantage of the sharp harrow, 
yet in only a few cases had this been done. 


8 Tarn Cororado ExprRIMEN’T STATION, 


The investigation discovered harrows which had been in use 
for twenty years, and which had covered 3,000 acres without being 
sharpened or reversed. 


Colo Agri. Exp, Ste, 


Plate 4. It costs no more to do good work with a sharp harrow than it 
does to slide over the ground with a dull one, 


THE FARM WORK SELOP, 


If the observer was to draw conclusions from the farms in- 
vestigated, he would have to conclude that very few farmers realize 
the importance of the farm work shop. As a matter of fact, a 
great many of those farmers who do not own shops understand 
the advantage of them. Again, many farmers are under the im- 
pression that they haven’t the “knack,” which they believe is a 
necessary adjunct, if they are to do repair work. Many have not 
investigated the cost of a small shop outfit, neither have they figured 
the matter on a basis of dollars and cents. 

In cases where farmers are not very handy to the ipcal shop, 
the time which is lost while going to and from the distant shop 
often amounts to several times the actual charges. At critical 
times, such as harvesting or seeding seasons, one long trip to town 
for repairs may cause a loss more than equal to the value of a well 
equipped shop. 


The following table shows that the machinery found on farms_ 


having well equipped shops is in need of less repairs than that on 
farms without shops: 


. 
3 
i 
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Farms with- | Farms with 
out Shops Shops 
Percentage of machinery not needing repairs..... 59.26 71.36 
Percentage of machinery needing repairs as re- 
POTCEG. Dy tO TATINOI.=.c0 emi ae sk eig se scacbie's 27.7 22.4 
Percentage of machinery needing repairs as re- 
ported by investigator and not by farmer...... 20.2 6.24 
Percentage of machinery reported by investigator 
needing repairs in addition to those reported by 
PROLOG: serarey a ay ciel nots ERG estaba teen wee ty Teo 0.0 


The fact that machines are found in a better state of repair 
on the farms having well equipped shops goes to show very plainly 
that there is a real value to the shop beyond the occasional emer- 
gency job. ‘These facts in themselves are strong arguments in 
favor of the farm shop. Of the farms investigated a little over 
9 per cent were equipped with suitable shops. 

Equipment.—In order to obtain the best results, the shop 
should be fitted with both carpenter and blacksmith tools. It should 
be handy to the place where the implements are stored, and some 
means of heating it in winter should be provided. A very service- 
able farm carpenter equipment may be procured for less than 


.$20.00 as follows: 


One—grindstone and frame. one—¥ -in. bit. 
““ __oil stone. « —%-in, bit. 
“ —good square, “ __&-in, bit, 
“ —fine cross cut saw, at least « —-&-in. bit, 

24 in, long. o —%¥, -in, bit. 
“ —_rip saw at least 26 in. long, “« —1-in bit. 
“compass saw, « __¥-in, firmer chisel, 
“ —claw hammer, « __%-in, firmer chisel. 
“ —Jack plane. ‘* __1-in. framing chisel. 

One good, adjustable brace, strong enough to operate drills as well 

as bits, 


In case the shop equipment is to be more nearly complete, a 
coarse, cross-cut saw may be added. A full set of bits, including 
an expansion bit, may be substituted for the above list of bits and 
a full set of planes will be found handy at times. A carpenter’s 
combined level and plumb will be useful as will also a wood bench 
vise. ‘The bench is easily constructed upon the farm, 

In the line of blacksmith tools a great deal of difference of 
opinion exists. A small forge and anvil usually prove satisfactory, 


although some insist on large forges and heavy expensive anvils. 


It is safe to say that a serviceable farm blacksmith equipment as 
listed below may be secured for $30.00. 
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One small, combined portable hand blower and forge. 

Two pairs tongs. 

One hardy. 

One steel-faced anvil. 

One set of screw plates and taps, in sizes 4, 5/16, %, 
7/16, %, % and % inches. 

One triangular file about 6 inches. 

One round file 10 inches. 

One flat plow file about 14 inches. 

One blacksmith hammer, 

One combined vise and drill press. 


By using the tools furnished with the farm machinery, in 
connection with the above enumerated outfit, a great deal of very 
good repair work may be done. 

In case more money is to be expended, a strong blacksmith’s 


substituted in place of the combined outfit. A complete set of — 
screw plates and taps, ranging from one-fourth inch to one inch — 
will be found useful. A heavy blacksmith’s hammer and sledge will 
also come in handy. On large ranches the tire shrinker soon pays 
for itself. 


LUBRICATION, 


One of the first steps toward properly oiling farm machinery — 
is to select it with good oiling provisions as described under “Oiling i 
Devices.” aa 
Someone says: “Oil is the cheapest machinery we have.” Tt 


a 
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is better to spend fifty cents for oil than to spend $5.00 for a 
; new part. 
; Application Surfaces of the wearing parts of a bearing must 
_ be covered with a thin film of oil to prevent cutting and to lighten 
the draft. 
A bearing does not have to be “swimming” in oil in order to 
| be well lubricated, but oil should be applied often in small quan- 
tities and should reach the place which needs it. All oil holes must 
: be kept open and free from dirt. Sometimes they become clogged. 
_ and while they may appear to be open, still they do not convey the 
__ oil to the wearing parts and a great deal of damage is done. Many 
7 machines have been condemned, simply because one or two oiling 
places have been entirely overlooked. Often, for lack of a few 
drops of oil, the entire machine is brought to a standstill. 
Kind of Lubricant—There are many good grades of machine © 
oils or lubricants on the market. There are also many poor grades 
of lubricants which are adulterated with rosin or paraffine, and may 
_ appear to be of excellent quality, but they are too gummy and dry 
_ up ina short time. Good oils will cost a little more than the cheap 
_ oils, but the higher priced oils really cost less in the end. 
For farm purpose oils may be classified into heavy oils, light 
oils, cup grease or hard oil and axle grease. These do not neces- 
_ sarily include gasoline engine and steam engine oils. 
‘ The heavy oils are thick or viscous and are adapted to use only 
"in such places as drive at slow speeds and carry heavy weights. as 
_ axles of wagons. The heavy oil is not easily forced out of the 
bearings and it lasts longer. 
f Light oils or thin oils come in several grades. For ordinary 
farm machinery, a medium thin oil will answer a large share of 
the needs. For high speed, light running machinery, such as 
cream separators, a thinner oil is used than that advisable for 
ordinary farm machinery. This oil is not adapted to machinery 
that carries heavy loads as it will squeeze out of the bearings too 
easily. 
‘ pap grease or hard oil has many qualities to recommend it. 
_ It remains on the bearing very well, and is easily applied and can be 
used in place of heavy and medium oils. It is usually applied 
through an automatic compression cup or a hand screw cap cup. _ 
5 In using hard oil, dirt cannot enter the bearing with the oil, in 
fact, if any dirt enters the bearing from the end, the oil will force 
it out. Again, if the bearing should begin to heat, the oil will 
_ begin to melt and feed faster, if the grease cup is placed above the 
bearing. ; ; ; 
For gasoline and steam engine cylinders, special cylinder oil 
st be used. Gasoline cylinder oil is lighter and thinner than 
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steam engine oil and is less expensive. ‘The cylinder oils must 
be able to stand a great deal of heat. A good grade of ordinary 
machine oil will lubricate all parts of the engines, excepting the 
cylinders. 

Oiling New Machinery.—On account of paint in the bearings 
of new machinery, the moving parts often run hard for the first 
few days. ‘This paint can be easily removed by the application of 
kerosene or a mixture of equal parts of kerosene and machine oil, 
as the machine is being started. 


CARE OF MACHINERY WHEN NOT IN USE. 


To properly care for the farm machinery means that it must 
be well selected, kept in good repair and adjustment, oiled thor- 
oughly, cleaned before housing, and it must have all wearing parts 
well greased when not in use, and painted when necessary, and it 
must be properly housed. 

At least one-half of “good care” consists in keeping the ma- 
chinery properly repaired, in good adjustment and thoroughly 
oiled when in use. To neglect any of the lines of care mentioned, 
means serious damage and loss to the machine. 

The investigation showed that a small percentage of the 
farmers were taking the proper care of their machinery all the 
time. Certain farmers were found who gave their machinery ex- 
cellent care when it was in use but it was given no care between 
seasons. 

The investigation shows that there is a decided tendency to 
neglect the housing of machinery throughout the State. On but 
22.15 per cent of the investigated farms was all the machinery 
housed. It was partly housed on 39.60 per cent of the farms, and 
on 38.25 per cent of the farms no attempt was made to house any 
of the machinery except the buggies, carriages and automobiles. 

With the one exception of binder canvasses only 2.01 per cent 
of the farmers removed bright or delicate parts of their machinery 
for storage. 

The fact that such a large percentage of the machinery is 
allowed to stand in the open is partly, but not wholly, explained 
by the marked scarcity of suitable machine sheds upon the farms. 

Of the investigated farms only 19.46 per cent were equipped 
with closed machine sheds. 34.23 per cent had some form of open 
shed and 46.31 per cent had no machine sheds at all. In 74 
per cent of the open sheds the machinery served as a hen roost 
while the chickens were allowed to roost in but 31 per cent of the 
closed sheds. Hogs, calves, etc., were allowed to run at will in 
19.6 per cent of the open sheds and in only 10.3 per cent.of the 
closed sheds. The fact that in 62.5 per cent of all the sheds in- 
vestgated the machinery served as a hen roost, and in 15 per cent 
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of the total number of sheds the farm animals were allowed to 
run at will, will explain to a large extent why the housing of ma- 
chinery apparently does so little good in Colorado. 

In a large number of cases the housing consists of “going 
through the motions” rather than actually preparing the machinery 
for storage and then properly storing it in a suitable shelter. 

MACHINERY SHOULD BE CLEANED AND OILED BEFORE STORING. 


Whether the machinery is to be housed or not, it should be 
cleaned and thoroughly oiled at the end of the season. With such 
machinery as the binder or mower, it is a good plan to thoroughly 
oil all bearings and wearing parts just before finishing the season. 
After removing all dirt, wipe the entire machine with an oiled rag 
or waste. The wearing parts especially should be well greased 
with tallow or axle grease. If the entire machine is to be housed 
these wearing parts do not need to be removed from the machine, 
but they should be removed and stored in a dry place under all 
other conditions. 

HOUSING THE MACHINERY. 

To house machinery does not always do as much good as is 
commonly supposed. In making the investigation, the following 
question was asked many times: “How should farm machinery 
be cared for?” It is usually answered by the farmer: “Everyone 
knows that it should be housed.” ‘This is a good answer as far as 
it goes, but to house machinery under any condition, and not prop- 
erly care for it otherwise, constitutes very poor care. 

Machinery may be just as well cared for if it is allowed to 
stand in the shade of a tree, as if it is stored in some of the leaky 
sheds, open sheds, poorly drained sheds, or combined machine sheds 
and hen roosts, such as were found during the investigation. 

There is no question but that to properly house machinery is 
a great saving, as it not only adds a great deal to the life of the 
machine but it also adds to the general appearance of the farm. It 
was generally found that where a farmer was interested enough in 
his machine to properly house it, he was also interested enough in 
it to care for it otherwise. 

The investigation showed that the life of farm machinery 
depended a great deal upon the owner. Individual farmers were 
found who took very good care of their machinery and left it in 
the weather, when not in use; others were found who gave their 
machinery very poor care and housed it when not in use. A great 
‘deal of housed machinery was found which had done no more 

-work and was no better or older than some which had not been 
housed but which had been well cared for otherwise. : 

Cultivator shovels, plow shears, and attachments, which have 
been removed and greased, should be placed where there is no 
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chance for them to get damp. It is a good plan to place them in 
a gunny sack and suspend them from the rafters of the shed or 
barn. 

A great deal of farm machinery can be placed in a small space 
if properly arranged. At the time of storing the machinery, it 
should be placed in the shed according to the time it will have to 
be removed. The machinery that will be used late during the fol- 
lowing season should be placed in the back part of the shed and 
that which is to be used early in the season should be placed in 
front. In this way, it will not be necessary to remove a great deal 
of machinery in order to get what is needed first. 

The following illustration gives an idea of the amount of 
machinery which may be stored in a small shed if the man who 
stores it studies the problem thoroughly. 


The following list of machinery was found in a two-story 
shed 20x30 feet. The shed has a small side door and a large 
double door at one end. On the first floor: A set of blacksmith 
tools with bench (repair work is done in the shed), riding plow, 
2 cultivators, beet cultivator, binder, mower, grindstone, hay rake, 
grain drill, 2 smoothing harrows (2 sections each), slip scraper, 
and lister. On the second floor: A hay tedder (taken apart), sev- 
eral light tools, stoves (stored while not in use), some household 
goods, and other articles to numerous to mention. In case of large 
crops, grain is sometimes stored on the second floor of the shed. 


The owner of the above described shed unhesitatingly states 
that the shed is plenty large enough for the implements on 160 
acres, providing the wagon and buggy can be stored in some other 
building. 

The time required for storing this machinery and removing it 
each year is estimated by the farmer to be one-half day for himself 
and hired man. 

As the machinery is being stored, all that which needs repairs 
or paint should be labeled so that it cannot be overlooked during 
the time when the farm work is not crowding. 


PAINTING FARM MACHINERY. 


There is no question but that it pays to keep the farm ma- 
chinery thoroughly painted. ‘This is especially true with such ma- 
chinery as is largely constructed of wood. The paint fills all pores | 
and cracks, prevents checking, prolongs the life of the machine 
and also adds very much to its appearance. ‘T'wo or three dollars’ 
worth of a good, reliable, ready-mixed paint for outside use, or 
carriage paint, applied each year to the machinery found on the 
average sized farm will add many times the cost of the paint to 
the value of the machinery. 
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THE IMPLEMENT HOUSE. 


It is not always necessary or advisable to construct a special building 
for storing farm machinery. Often a very good place can be made in the 
barn or other buildings. By taking some of the parts off of certain ma- 
chines, they can be easily stored in what otherwise might be waste space. 

The characteristics of a good implement shed are: 

1. It must be thoroughly drained so the implements do not stand in 
a wet placa. 

2. It must protect against sun, wind and moisture. 

8. It must not be too expensive. 

4. It should be located in a convenient spot and so arranged as to 
be easily used. 

The material from which the shed is made will depend upon the cost 
and the locality. In the investigation, very good sheds were found which 
were of wood frame construction, covered with sheet iron. Other good 
ones were found of wood frame construction, sided with barn siding, drop 
siding, and in some places with ship-lap. Shingles or corrugated iron 
generally make the best roofs for machine sheds. 


Description of Shed Shown in Plates 6 and 7 


This shed was built on a Colorado farm and has been in use for 
several years. The owner makes a practice of storing his machinery as 
it should be. 


8 feet high. The roof is one-third pitch, shingled. Rafters 2 in. x 6 in, x 
8 ft. on center. The lower girt is 2 in. x 6 in., the middle girt (placed 
just below the windows) is 2 in. x 6 in., while the upper girt is 2 in x & 
in. and serves as plate. 

As the posts do not extend into the ground, it is necessary to brace 
the sides and ends of the shed, Braces also extend from the side posts to 


the collar beams, where the rafters come nearly over the posts, On the 
south side at the west end is a rolling door 7 feet 6 inches high by 8 feet 
long. At the east end the opening is 8 feet high by 10 feet wide. It is 
covered by two rolling doors 5 feet by 8 feet. 


Two Rolling Doors §: xe 
s 5. 


tndicates 


Tongvé is removed eed hoid upon Collar-beams 


"Tongue Out 


Concrete ‘Base 12x/z 


Bo Window 26x28" 


Binder, on Tr 
Toagee Our. 


Placing of Machinery 


=> 


Window 24x24" 


are ae 
MY 
; 
b 8 
hy 
3 
3 a 
Ay 
% 
=< ¢ 
4 
S 
wK 
e : 
2 & 
K 
w 
N 


Plate 7. A Very Good Type of Closed Machine Shed 
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The sides are made of 12 inch stock boards, The cracks are covered 
with O. G. battens. The ground upon which the shed sits is about 4 
foot higher than the surrounding ground. ‘This gives a hard, dry dirt 
floor for the machinery. 

' In the Jower right hand corner of the drawing is shown the arrange- 
ment of the machinery in the shed, In some cases (marked “tongue 
out”) the tongues are removed from the machines and placed upon the 
collar beams, The cultivator shovels, mower sickles, plow shears, binder 
‘canvasses, etc., are all greased and suspended from the collar beams. A 
large part of the machinery may be removed by simply running out the 
auto. In some cases the wagon must also be removed. The transport 
trucks are almost a necessity for the storage of a binder in this sort of a 
shed. The shed is painted with two coats of mineral red in oil, 


‘Description of Shed Shown in Plates 8 and 9 


This shed has actually been built by a Colorado farmer and proves 
very economical and satisfactory. The only changes in the original plan 
is the addition of four small windows. ‘The shed is 16x66 feet, The 
posts are 10 feet high in front and 8 feet high in the rear, and are set in 
the ground 3 feet. There is no foundation for the shed, 


hola dpfigtsee 


Plate 8. A Well Planned Machine Shed. For plans see Plate 9. 


These posts eliminate the necessity of a frame or braces. The bot- 


_ tom girt is 2 in. x 6 in., the middle girt 2 in. x 4 in., and the top girt, 


which also acts as plate, is 2 in. x 8 in. The rafters are 2 in. x 6 in., set 


3 feet apart on centers. The sheathing is 1 in. x 6 in, placed at the 


ends and in the middle of the sheets of corrugated iron which form 
the roof. At each end on the front side of the shed is located a 12 foot 


rolling door 8 feet high. Near the middle of the shed is a 14 foot door 


a 


8 feet high. These doors roll upon a continuous track which runs the 
entire length of the shed, 
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A Very Handy Shed with Corrugated Iron Roof 


Plate 9. 
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It becomes necessary to use a 2 in, x 8 in. plate and a 2 in, x 8 in. 
girt just above the doors to carry the weight of the doors. 

The ground upon which the shed sits is about 8 to 12 inches higher 
than the surrounding ground, This gives a dry earth floor for the 
machinery. 

In the drawing all the doors are closed. In the cut they are opened 
slightly. 

The shed is painted with two coats of white lead in oil. 
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THE DETERIORATION OF MANURES UNDER SEMI-ARID 
CONDITIONS. 


By W. P. HEADDEN AND EARL DOUGLASS. 


INTRODUCTION. 


For many years prior to the introduction of the sugar beet as a 
commercial crop it was the practice of most Colorado farmers to throw 
away the manure made upon the farm. The land seemed to be in- 
exhaustibly fertile and work spent in spreading manure upon the 
land was considered labor wasted. In the early years of our agri- 
cultural development, this was, to'a certain degree, true. The soil 
gave bountiful crops year after year, and any additional fertility 
seemed to do more harm than good by increasing stems and leaves at 
the expense of grain. During these years the manure, much of it 
first-class sheep manure from sheep which had been fed upon corn 
and alfalfa, was dumped into the creek beds or sloughs, or left upon 
the ground, and the corrals were moved when the layer of manure 
became so thick that the sheep were likely to jump the fence. 


Manure of More Importance than Formerly. 

The growing of sugar beets and more intensive methods of farming 
have changed this, and in those districts in which there are sugar fac- 
tories, the manure is now carefully saved and spread upon the land. 
More thought is given to saving the manure and to increasing the 
supply by fattening cattle or sheep on the farms, the value of the 
manure being now taken into account as part of the profits. There 
are still too many places in Colorado where the soil is being robbed, 
while the means of restoring, or at least partially restoring the fer- 
tility is going to waste in neglected manure heaps. 

The question of the’ deterioration of manures under our Colorado 
conditions is important for the reason that the high freight rates 
make it impracticable for the western farmer to use the commercial fer- 
tilizers which are in common use in sections nearer the great dis- 
tributing centers, the sea ports and packing houses. In the west, 

. very little attention has been paid either to the subject of fertilizers 
or barnyard manures and, so far as we know, no analytical data are 
at hand on the deterioration of manures under semi-arid conditions. 


Fresh Manure Should Not be Used on Irrigated Soils. 


Another question arises, when discussing the deterioration of 
manure, namely, the effect of fresh manure upon soils which are 
sometimes watered scarcely enough to produce a crop. In order to 
prevent waste of the elements of fertility under humid conditions, the 
general practice has been to use the manure as fresh as possible. 

It probably seems improvident on the part of our farmers to 
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have left the manure on the farm unused, but this. was not wholly 
due to ignorance or to unwillingness to expend the labor necessary 
to apply it. The application of fresh manure to irrigated soils in- 
volves serious questions which are mentioned in this place merely to 
explain what must seem to most readers an irrational practice. 
Many inquiries among practical farmers brought out the fact that 
there are apparently good reasons for not applying fresh manure, 
namely, the manure does not rot and produces what is designated as 
“burning,” by which they mean that manured land dries out quickly 
and the crop suffers. In fact the manure sometimes does more in- 
jury than good. 


The Samples Studied. 


The studies began in 1903 and 1904 during which time all the 
samples were collected and a large part of the analytical work fin- 
ished. All the samples came from the vicinity of Fort Collins. Up to 
this time manures had not been used to any great extent except on 
small truck farms, lawns and gardens. Many car loads were shipped 
to Denver and it was a common sight in northern Colorado to see 
large piles of excellent corn-fed sheep manure left in the waste places 
of the farm to weather away. While the practice heretofore com- 
mon among our farmers has been wasteful, the general result was 
to present an excellent opportunity for the study of the changes which 
had taken place in the manure due to the exposure to high winds, 
strong sunshine, and occasional heavy rains. There was no trouble 
at that time to get sheep or cattle manure of almost any age up to 
ten years and often even older, one lot being found which was twenty- 
seven years old. This was not the case with horse manure which, in our 
dry climate, fire-fangs badly. One instance came under our 
observation of a pile of horse manure taking fire spontaneously. For 
this reason practically no horse manure more than a year old can be 
found and that which has attained the age of a year and has lain in 
large heaps is simply a mass of dry, blackened stems, having very 
little value as a manure. 


Waste of Liquid Manure. 


Where so little attention is paid to the production of manure, no 
composting is done and the term “manure pile” simply means the pile 
of manure as it is thrown out of the barn or scraped out of the corrals. 
It generally contains only such bedding as was put into the stalls or 
corrals to keep the animals clean and not with the idea of absorbing 
the liquid manure or using straw as a part of the future fertilizer. 
No attempt whatever is made to use the liquid manure. If the barn 
can be so located that the urine runs away into a gutter or sewer, or if 
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by means of a bed of sand the stall can be kept reasonably dry, the 
barn is that much better in the estimation of the average Colorado 
farmer. Even though the cultivation of the sugar beet has caused 
some improvement in our practice, still too little regard is paid to the 
saving of the urine, a very valuable, perhaps the most valuable por- 
tion of the manure. In the feeding corrals, this is not quite true for 
much of the urine is absorbed by the solid portion of the manure. 


The Older Samples of Sheep Manures. 


Some of the older samples came from corrals where sheep or cat- 
tle had been fed some previous year but the present owner had follow- 
ed other pursuits, leaving the corral with its bed of manure untouched. 
Many of the samples were from piles from four to sixteen feet in 
height made by scraping out the corrals preparatory to another year’s 
feeding. All the sheep manures, with four exceptions, were from 
sheep which had been fattened for market and had therefore been 
fed as much alfalfa as they would eat and a very heavy ration ot 
corn. 


Importance in Amount and Value. 

The corrals are, in most cases, open pens without shelter except 
occasionally a board fence to keep off the cold winds. Since the 
average farmer who fattens lambs, feeds between one and_ two 
thousand head for a period of about 100 days, the amount of minure 
is considerable. In addition, the manure must be more than oridi- 
narily rich in plant food since as much as 95 percent of the potash, 
phosphoric acid and nitrogen are voided in the dung and urine from 
sheep on full feed. From the foregoing brief facts it will be seen 
that we are here dealing with a very rich manure and one which under 
ordinary conditions would be subject to rapid deterioration. 


The Cattle Manure Not so Easy to Obtain. 

The cattle manure samples were more difficult to obtain as the 
industry of fattening cattle had not been so generally practiced. There 
are, therefore, few samples of manure from corrals where cattle had 
been fattened, but as this is a growing industry, more and more of it 
will be produced and its preservation will become correspondingly 
important. 

Sampling. 

In case the manure was in the corral, the loose material was 
scraped off the surface and at least three sections, each about eight 
inches square, were taken at different places. A portion of the sam- 
ple was put into a glass vessel and sealed to prevent drying out; the: 
rest was preserved with ordinary precautions. 
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If the manure was in a pile, an average depth was selected and a 
hole dug into the pile from the surface to the ground. When a smooth 
vertical surface was obtained, a slice about eight inches wide and 
three inches thick was cut from the top to the boftom and placed in a 
bag. A smaller sample was placed in a fruit jar and sealed. jForty- 
five of these samples were collected during 1903 and 1904 but no 
manure pile or corral was sampled unless a fairly accurate history of 
it could be obtained. 

The determinations of free ammonia and moisture were made on 
the freshly taken and sealed samples. The samples in the bags were 
air-dried, ground and sampled. Bedding is not used in the corrals 
unless there is mud, which occurs rather seldom in Colorado. The winter 
of 1903 and 1904 was particularly open and dry and no bedding was 
used; for this reason the samples called fresh manure were free from 
straw, while the older samples were probably nearly so. 


Loss of Dry Matter on Weathering. 


From the foregoing preliminary remarks, it will be seen that 
our study will, for the most part, have to do with analyses of manures 
of different kinds and of various ages gathered at about the same 
time. There is, however, another factor which must be known be- 
fore any sharp conclusions regarding deterioration of manures can be 
drawn, namely, the loss of dry matter through weathering. Any one 
who has observed a pile of manure in a barnyard knows that it grad- 
ually diminishes in bulk and changes its appearance until it is finally 
difficult to distinguish the manure from the soil itself. 


AN EXPERIMENT WITH SHEEP MANURE. 


To determine the amount of this loss, ten tons of sheep manure 
were obtained from a corral where lambs had been finished for mar- 
ket by the usual method. The manure had received no moisture dur- 
ing the whole time of accumulation and was tramped into a hard cake 
about six inches Geep over the whole corral. No bedding had been 
used although some alfalfa stems from the feeding racks were 
found in the manure. The ten tons of manure were put into a crib 
with a board floor on March 2d, 1904, making a heap about 315 to 
4 feet deep. The aeration of the manure in hauling and placing in 
the crib, caused very active bacterial action which manifested itself 
in two or three days. To check the heating and settle the manure, it 
was wet down thoroughly but not enough to cause water to run through 
the pile. 


Ammonia is Lost Rapidly. 
A few days after this the smell of escaping ammonia was very 
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_ strong, so strong that we tried to measure the ammonia by drawing 
_ air from the surface of the pile through normal sulfuric acid. <A 
_ barrel was fitted with a stop cock in the bottom and used as an aspi- 
_ rator. Several flasks were filled with normal sulfuric acid and 
' connected to a funnel, filled with cotton to prevent particles of ma- 
“nure from finding their way into the flasks. ‘The funnel was simply 
laid on top of the manure pile and air drawn through the funnel and 
_ flasks by means of the barrel aspirator which held about 45 gallons 
_ of water or 6.015 cubic feet. When the water had all run out of 
_ the barrel, it was found that the flasks contained 0.0885 gram of 
~ ammonia. 
An open dish of normal sulfuric acid with a surface of 67.2 square 
inches placed on top of the manure heap, absorbed 0.2606 gram of 
- ammonia in 24 hours. This gives us some idea, vague though it may be, 
- of the enormous loss of free ammonia. This fact has been observed 
over and over again and many ingenious ways have been used to 
_ show it, but each time we are astonished at the magnitude of this 
loss. 


The Manure was Moistencd. 


; Our object in this experiment was not to prevent all loss or even 
_as much of it as is easily possible, but to determine the loss under 
rdinary conditions. The manure, however, was very dry and to pre- 
vent an extraordinary loss, it was thought best to wet it down 
_ thoroughly with the hose when first put into the crib. This was the 
only precaution used to prevent fire-fanging and was used only once. 
z On June 11, 1904, a hole was. dug into the pile to see if any burn- 
ing had taken place. There were some burned spots but the heavy 
rains had evidently kept the bacteria partially in check. There was 
a decided odor of ammonia and the manure was quite moist. 


The First Weighing. 


It was intended to weigh the manure at the end of the first year, 
3 but a long wet spell and work at the laboratory prevented until June 
24th, 1905. On turning over the manure at this time, there was no 
or of ammonia. ‘The manure was well rotted and quite moist due 
to the recent rains, There must have been considerable loss from 


‘crib and had run across the road in several places. A sample of 
« ach load was taken and after thoroughly mixing, two samples were 
awn, one for the regular analysis and the ae placed in a glass 
and sealed for a determination of ammonia and moisture. The 
$s weight at this time was 20,595 pounds. 


8 CoLorapo EXPERIMENT STATION. 


The Second Weighing. 


The next weighing took place on May 18, 1906, and sample 
were taken as before. There had been heavy rains and the manur 
was again quite moist. There was no odor of ammonia. 


Our Experiment is Stopped. 

On March 20, 1907, when the time had come to reweigh the ma 
nure, it was found that by mistake a load of this manure had beet 
taken out and used in the greenhouses. Samples were taken fo 
analysis as before but the experiment was of course spoiled. It wa 
hoped this study could be extended over a period of about five years 
The results of the experiment are given in Table I. 


Loss of Dry Matter as Deternuned by Other Investigators. 


From many experiments conducted by Voelecker, with dung an 
litter, he concluded that from 30 to 60 percent of the original weigh 
of the manure was lost in the course of six to twelve months time 
This would indicate that our manure did not lose as rapidly as do thos 
in climates where there is a heavier rainfall and consequently mor 
leaching taking place. This fact is borne out by a comparison witl 
other experiments as given by Storer in his work on Agriculture, an: 
also by many experiments for short periods of time, generally less tha: 

‘a year. Taking these experiments as a whole, the loss in a year i 
about 45 to 50 percent, while the loss during this experiment was 32. 
percent in 1544 months, with a rainfall for that time of 26.18 inches 
which is much more than the average for this locality. 


Character of the Loss in Semi-Arid Climates. 

Leaching occurs where the rainfall is heavy and washes away muc 
soluble plant food, but helps to check the loss of ammonium compounis 
while a dry climate prevents excessive leaching but destroys much nitro 
gen by volatilizing the ammonia. 


Loss of Nitrogen. 

Comparing the determinations of total nitrogen as they stanc 
without taking into account the loss in gross weight which occurre 
during the first year, there has been a loss of one-third of the tote 
nitrogen, mostly in the form of free ammonia. 

Taking into consideration the loss in weight of dry matter, ther 
is a total or absolute loss-of 48.6 percent of the total nitrogen durin; 
the first year—surely very startling figures to one who has not caleu 
lated the loss for oneself. The remaining manure is, howevet 
more valuable under our conditions than the original larger quantity 
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because it can now be incorporated into the soil with advantage, and 
its humification may be completed in the soil while fresh manure 
may remain in the ground for years and produce objectionable re- 
sults. 


Loss in Two Years Found to be Less than Wolff Found in One Year. 


The second year a further loss of 35.9 percent of dry matter 
occurred, making a total loss of 56.7 percent of the original dry 
matter in about two years. There seem to be very few experiments 
which extend over a period of greater length than one year, and 
we have consequently none with which to compare this loss. Wolff 
found that an 80-ton manure heap lost 65.5. percent of its dry matter 
in one year when exposed to wind and weather. This is much 
greater than our manure lost in two years. The total nitrogen 
decreased from 2.713 to 2.30 percent. 


Loss of Nitrogen, Potash and Phosphoric Acid. 


In order to compare the absolute losses to better advantage 
the results are calculated to pounds, and the losses given in per- 
cent. The original ten tons of manure contained 238.0 pounds of 
nitrogen, 341.3 pounds of potash and 102.8 pounds of phoce 
ic acid. 

In June, 1905, when the original 8,769 pounds of dry matter 
had shrunk to 5,920 pounds, there were 122.2 pounds of total nitro- 
gen, 355.1 pounds of potash and 59.44 pounds of phosphoric acid, 
or a loss of 48.64 percent of the nitrogen, and 42.17 percent of the 
phosphoric acid. The potash did not lose during the first year. 

In May, 1906, the manure had further decreased in weight to 
3,794 pounds of dry matter, and there were now present 76.27 
pounds of nitrogen, 228.1 pounds of potash, and 41.81 pounds of 
phosphoric acid. This represents a total loss in two years of 67.95 
percent of the nitrogen, 34.69 percent of the potash and 59. 32 per- 
cent of the phosphoric acid. 

In comparison with the losses from our manures, some in- 
stances of experiments at other Stations are here given, although 
it is a difficult matter to compare losses owing to the varying dura- 
tion of the experiments and methods used. 


Some Experiments at the New Jersey Station. 


Dr. Voorhees in Bulletin 150 of the New Jersey Station, de- 
termined the loss sustained by 100-pound lots of cow manure when 
exposed to the weather in layers eight inches deep in a special form 
of galvanized iron box. From four experiments with mixed solid 


_ 
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and liquid manure for an average of 82 days, there was a loss of 
51.0 percent of nitrogen, 51.1 percent of phosphoric acid and 61.1 
percent of potash. Another experiment by Dr. Voorhees* gives as 
the results with solid and liquid manure exposed from February 
4 to June 15, a period of 131 days, a loss of 57 percent nitrogen, 
62 percent phosphoric acid and 72 percent potash. 

A Difference in the Losses is Found. 

Both of these experiments at the New Jersey Station, while 
dealing with a different manure under more severe conditions, show 
very much larger losses in 82 days and 131 days, than our sheep ma- 
nure exhibited in over one year. This is particularly true of the potash 
which lost more rapidly than either the nitrogen or phosphoric acid 
in both the above experiments while, in our experiment with sheep 
manure, no potash at all was lost during the first year, and only 
34.69 percent at the end of the two years. This is certainly a very 
remarkable fact and shows the very different character of losses in 
semi-arid climates. With us the heaviest loss is in nitrogen, while 
the chief loss under humid conditions is potash. This simply indi- 
cates the different manner in which the loss takes place. In the 
humid climate the loss a manure sustains is caused largely by 
leaching which dissolves the soluble salts, the principal one of which 
is potash. On the other hand the chief loss in semi-arid climates is 
nitrogen because it is easily converted into ammonia and lost dur- 
ing dry weather, while the loss of potash is small on account of the 
smaller number of drenching rains, : 

A Series of Experiments at the Cornell Station. 

Roberts and Wing exposed horse manure loosely piled in a box, 
surrounded by manure, for a period of six months. The losses were 
36.2 percent of the nitrogen, 50.0 percent of the phosphoric acid and 
58.8 percent potash. At the same time the foregoing experiment 
was being tried, a solid block of horse and cow manure, taken as 
it had been compacted by the trampling of the animals, was exposed 
to the weather and the losses recorded were 3.2 percent of the nitro- 
gen, 4.7 percent of the phosphoric acid and 35.0 percent of the pot- 
ashf. 

In an experiment the following year a two-ton pile of horse 
manure lost 60 percent of its nitrogen, 47 percent of its phosphoric 
acid and 76 percent of the potash. A five-ton pile of cow manure 
presented an apparent exception to the above three experiments by 
giving losses amounting to 41 percent of the nitrogen, 19 percent of 
the phosphoric acid and 8 percent of the potash. Professor Rob- 


**New Jersey Report of 1899. 
+ New York Cornell Station Bulletins Nos. 13 and 27. 
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erts says of this result, “It is worthy of note that in this experiment 
the loss of potash was very slight in comparison with the phosphoric 
acid and nitrogen; in all of our other experiments the heaviest loss 
has been potash.” 


Director Peter Collier at the Geneva Station, N. Y. Bul. No. 23, 
New Series, with a well packed heap of cow manure containing 
3,298 pounds, found a loss of 60.6 percent of the potash in one 
year. 


Other experimental proof might be given but in almost every 
case where the manure is really exposed to the weather and not taken 
care of, the heaviest loss in a humid climate is the potash. 


No compdrable experiments with sheep manure were found. 
The only experiments at our disposal in which sheep manure was 
used were those of Muntz and Giard as quoted by A. Herbert in an 
article in the Experiment Station Record. In these experiments 
the manure was exposed for a period of six months with a loss of 
25.04 percent of dry matter, 11.44 percent of nitrogen, 19.15 percent 
of phosphoric acid and 21.5 percent of potash. It is not clear from 
the article whether the manure was cared for or not, but one would 
surmise that it was probably packed in heaps in pits and the leach- 
ings pumped back on the pile. If this surmise be true, our condi- 
tions are not comparable, and the small losses recorded would be 
easily accounted for even though the climate of France, where these ex- 
periments were conducted, is much more moist than ours. 


THE TWENTY-THREE SAMPLES OF SHEEP MANURE. 


We will now turn our attention to the samples of sheep manure 
which were collected during 1903 and 1904. As has already been 
stated the sheep, or rather lambs, were all fed for eastern markets 
on corn and alfalfa, with four exceptions, viz. Nos. 31, 32, 34 and 36, 
in which cases the sheep were pastured during the day and kept in 
corrals at night, the object being wool rather than the fat lambs. 
The winter of 1903-04 was an exceptionally favorable one for the 
collection of samples as there was almost no rainfall during that 
time and the samples can be compared without allowance being made 
for leaching. 


A Standard Analysis of Sheep Manure. 


In order to obtain a standard for comparison, a large number of 
analyses of sheep manures, most of. which are given in Storer’s work 
on Agriculture, were averaged and recalculated to a dry basis as 
follows: 


i |. 
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Average Composition of Sheep Manure. 


Moisture Calculated on 
Included Dry Matter 
Percent Percent 
IMI@IS tM Gees os Oe 66.40 
MARR AELCT oe 22 ae Mee 33.60 
JOLY ag ae Ne ae a Bae ek hae el Sead Poe Pe aD WIPE TLS 21.875 
IPOLASD series. ne. os ena (Oo O uaa eee Betas Sap ea 2.559 
EOS DUOC RANCIC. = a eae (Oe he eat a oo are ge 1.131 
ote iNitrogen — => eee (Ay A A ile pee ra Meee E ss 2.203 


Notes on Table Il. 

Nos. 14, 15, and 16 were manures made during the winter of 
1904 and the sheep had either been shipped or were nearly ready for 
market. 

No. 17 was also made during 1904. This is a sample of the ten- 
ton lot which was used for the deterioration experiment. 

No. 18 lay in the oper. corral until October, 1903. Smelled 
strongly of ammonia. 

No. 19 lay in an open corral. 

No. 20 lay in pile since May 1903. 

No. 21 lay in open corral unti. September, 1903. Pile 3% feet 
high. 
No. 22 pile three feet high. 

No. 23 lay in the corral 1% years, then was scraped into a pile 8 
feet high. Inside of pile quite warm but did not seem to be fire- 
fanged.: 

No. 24 pile 3 feet high. 

No. 25 pile 3% feet high. 

Nos. 26 and 27 from different farms. Piles four feet high. In 
piles two years. 

No. 28 pile 2%4feet high. 

No. 29 two years in pile. 

No. 30 pile 21%4 feet high. Had been dumped near slough. 
No. 31 sheep pastured on range during the day. Lay in an open 
corral. 
No. 32 same as above except that it was under cover of a shed. 
No. 33 had been put on top of other manure, but took only that 


'which was four years old. Pile 5 feet high. 


No. 34 pile 3% feet high from same place as No. 31. 
No. 35 had been hauled from the corral and dumped in a low, 


rather wet place. 

No. 36 from a corral which had been used to shelter sheep which 
were pastured on the range. Manure about eight inches deep. Scraped 
off loose material before taking sample. 
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Influence of Feed upon the Value of Manure. 


Since the feed has a great deal to do with the amount of plant 
fertility in the manure, this should be taken into consideration when 
discussing different manures. Most of the manures used in the 
standard analysis were from sheep fed on hays, beets, pasture and a 
few on alfalfa, but almost none were from feeding pens where sheep 
had been fattened and had received as much as they would eat of 
corn and alfalfa. The alfalfa being very rich in nitrogen of course 
produces a manure rich in that element also. The difference in 

* feed is forcibly illustrated in Table II. The potash, phosphoric 
acid and nitrogen drop decidedly in Nos. 31, 32, 34, and 36, which 
are from sheep pastured on native grasses. No. 30 is also low in 
these constituents, but for another reason. It had been dumped 

into a slough and had every chance to leach out. The sample was 
taken with the idea that it was as badly taken care of as any which 
came under observation. 


Our Manures Lack Moisture. 


The most noticeable difference between the standard analysis 
and the analyses as given in Table II is the low percentage of mois- 
ture. Not one is as high as the average analysis, and but few ap- 
proach it. The average of the moisture determinations given in 
Table IT is 53.115 percent which is 13.285 percent below that of the 
average analysis. These figures bring prominently before us the 
fact that our manures are comparatively very dry. 


Soluble Ash. 


In dividing the ash into soluble and insoluble ash, it was thought 
that an increase in the soluble portion would be found as the manure 
. increased in age. We know that the insoluble organic matter is 
being constantly changed in form and much of it rendered soluble, 
but from a consideration of Table II, one is forced to the conclusion 
that the soluble ash is rather a,constant quantity, not varying much 
- from the average, 7.7 percent, except in a few instances. In the de- 
_ terioration experiment we had for the soluble ash: 


: 


Hiceein Nuatiire, o.com wen wee ee 6.180 percent 
Pomethveat aq ch ae en eS 8.890 percent 
(She Oo Ie oe gh en aa 8 rea Rr 7.468 percent 
“VETS NSE We Sa agp ne CE 7.695 percent 


ze These results are also very close together and seem to show that 
the manure can hold about 7 pecan soluble matter, the rest being 
Bete out. 
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Results for Potash Differ from those in Humid Climates. 


In discussing the potash in the ten-ton lot of sheep manure, it 
was pointed out that there was no loss of potash during the first year 
although the manure lost 32 percent in weight in that time. The 
determinations given in Table II corroborate the fact that the 
potash accumulated during the first year and are repeated below in 
order that this fact may be clearly seen. 


Percent of Potash in Percent of Potash in One- 
Fresh Manures Year-Old Manures 
4.98 5.62 
3.59 6.92 
5.20 W237) 

3.89 4.86 

Average 4.42 Average 6.32 


The results of the deterioration experiment were 3.89 percent in 
the fresh and 6.00 percent in the one-year-old samples. 

After the first year the potash does not seem to accumulate fur- 
ther, and taking into consideration the loss in weight which occurs 
each year, there is an absolute loss from that time on. 


Phosphoric Acid. 

The phosphoric acid determinations are very close together vary- 
ing very little from 1.2 percent with a few exceptions due for the most 
part to a difference in feed. 

An interesting question arises as to the loss of phosphoric acid 
and the accumulation of potash during the first year. From what 
we know of the phosphates, they are as soluble as the potash salts and 
the loss of phosphoric acid can therefore hardly be accounted for by the 
leaching which took place. 


Crude Fiber. 
The crude fiber is a determination not often made on samples of 


manure, and does not appear to be of much value here as a criterion of — 


either the age or the value of the manure. In a general way, the 
crude fiber decreases with age, but there is a wide range in the figures 
without any apparent reason for it. 
Nitrates. 
The question of nitrates in the manure dia not come up until most 
of the samples had been thrown away. ‘However, the results obtained 
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are of considerable interest as some of the samples gave abnormal 
amounts of nitrogen as nitrates. The following table gives the results 
obtained from those samples which had been kept. 


Sample No. Age Percent N:2 Os 
17 ; Fresh None 
17 1% years 0.465 
17 3 years 0.752 
15 Fresh > None 
16 Fresh Trace 
18 I year 0.371 
21 I year 0.108 
25 3 years 0.287 
26 3 years 1.610 
27 3 years 0.821 
31 4 years 0.188 
33 4 years 2.151 
35 5-0 years 0.093 


The method used for these determinations was that of Schlosing 
and Grandeau as modified by Tieman and Schulze. Ten to twenty 
grams of manure were extracted with water and the filtrate and 
washings concentrated to a convenient volume from which point the 
above method, depending upon the reduction of nitric acid to nitrous 
oxid, was used. Precaution was taken in each case to absorb all carbonic 
acid by means of solid caustic soda in contact with the gas. —To make 
sure that the gas was really NO, oxygen was admitted to the measuring 
tube a bubble at a time, and it was then found that all the gas oxidized 
readily and dissolved in water. 

Voelecker* found only traces, not enough to determine quantita- 
tively, of nitrates in either fresh or rotted manures. Holdefeiss also says 
that no nitrates are found whenthe manure is kept moist but that nitrates 
can form if the manure is covered with earth or is allowed to dry out. 
Holdefeiss found that as high as 8.5 percent of the nitrogen was pres- 
ent in a moist heap covered with earth, and an wunmoistened heap 
carried as much as 18 percent of the nitrogen as nitrates. 

The manure piles considered in this bulletin were, of course, not 
covered with earth and were not moistened except by the infrequent 
rains. The fresh manure contained none or doubtful traces of nitrates. 
In manure No. 17 there has been a steady increase in nitrogen as nitrates 
from none in the fresh manure to 8.5 percent of the nitrogen present 
as nitrates in the three-year-old manure. The other samples do not 
follow this increase with age, some being high and some very low in 
nitrates. Nor does the amount of nitrate present seem to be governed 


*As given in Storer’s Agriculture Vol. II. p. 319. 
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by the amount of moisture in the manure. The probability is that the 
conditions were right in some manures for the work of nitrifying 
bacteria. In other manures the nitrates had been washed away or 
nitrification had not taken place. 

The three highest results, viz., Nos. 26, 27, and 33, have 27.13, 
14.13 and 25.94 percent, respectively, of their nitrogen. present as 
nitrates, which will be seen to be abnormally high as compared with 
Holdefeiss’ figures. 5 

The question might be raised whether nitrification had not pro- 
ceeded in the sample cans in the laboratory. This was effectually set- 
tled in the case of No. 17. A determination of the nitrates in the 
three-year-old sample had been made in 1906 and a re-determination 
of nitrates in 1910 gave practically the same result. Air-drying the 
manure seems to stop most bacterial changes. 


THE FREE AMMONIA. 

The free ammonia in the manures which have been discussed 
in the foregoing pages offers a very interesting study not only because 
of the larger amount in fresh manures, but because it is the most easily 
lost of all the elements of fertility under our conditions. It has been 
pointed out that the principal loss from manures under humid condi- 
tions is potash but that the greatest loss in our climate is nitrogen. 
From the following discussion it will be seen that this loss occurs princi- 
pally through a loss of free ammonia. 

The bacterial changes taking place in the manure heap are very 
complex and not fully understood, but it is certain that among the first 
of these changes is the ammoniacal fermentation which first changes 
the nitrogen compounds of the liquid manure into ammonium salts, 
or allows the ammonia to escape into the air. Some of the am- 
monium salts are now oxidized to nitrites but are not changed into 
nitrates until all the ammonia has been dissipated or has combined to 
form neutral salts. The process is quickly completed in the liquid 
manure which contains organic nitrogen ina soluble form. ‘The nitro- 
gen in the solid portion is also attacked by ammonifying bacteria, but 
this change takes place slowly, which allows more time for the change 
into nitrates and nitrites. The great loss of ammonia from our sheep 
manures, however, must come from the comparatively swift change 
of large amounts of hippuric acid from the liquid manure into ammo- 
nia through the agency of uro-bacteria. 

We know that most of this ammonia immediately combines to 
form ammonium carbonate, and being in this form it is peculiarly sus- 
ceptible to changes in temperature and to the presence or absence of 
moisture. Now ammoniacal fermentation takes place most readily 
when the bacteria have a plentiful supply of air, warm sunshiny weath- 
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er, and comparatively dry manure. It is easy to see, therefore, why 
manures under our conditions lose so much of their nitrogen. The 
bright, almost continuous sunshine and drying winds, are the two 
greatest agents tending to dissipate this valuable element of fertility. 
Another factor which is responsible for great loss of ammonia is the 
way in which our manures are cared for, viz., the practice of scraping 
the manure out of the corral into a loose pile. Admitting the air into 
the manure heap in this way both dries it out and supplies a plentiful 
amount of oxygen which gives just the right couditions for intense 
aerobic activity, especially when the cleaning of the corrals takes place 
in the summer time, as is usually the case. If the manure was com- 
pacted and moistened thoroughly, or put into pits and the leachings 
pumped back on the pile, as is the custom in France, the loss would be 
negligible in comparison with the good done by the slower and less 
destructive anaerobic fermentation. 


What has just been ‘stated regarding the loss of ammonia from 
manure which has been loosely piled up is well illustrated by four sam- 
ples from Table II, viz., Nos. 18, 19, 20, and 21. These manures are all 
one year old, but had been treated in different ways by the farmers 
who owned them. Number 18 was scraped into a pile the fore part of 
November, a few days before the sample was taken. Number 19 lay 
untouched in an open corral. Number 20 had been scraped into a 
pile in May, and Number 21 early in September. Samples of these 

_ manures were collected in November and analyzed immediately with 
: the following results: 


ING ehOg 22 ch Sa 1.68 percent free ammonia. 
A NGF ero eon ee 1.72 percent free ammonia. 
. Gs a ae _.--0.17 percent free ammonia. 
3 IN Ome Dee eetie) ey Sene 0.44 percent free ammonia. 


While they are of the same age, we see that Nos. 20 and 21, 
which had been scraped into piles, had lost almost the whole of 
' their free ammonia. Number 18, which had been placed in a pile a 
_ little while before the sample was taken, smelled very strongly of 
_ ammonia and was therefore losing ammonia rapidly at that time and 
- probably dropped from 1.68 percent in the course of two or three 
months down to the level to which Nos. 20 and 21 had fallen in a like 
time. Turning now to No. 19, which lay in an open corral compacted 
by the trampling of the sheep during the feeding time, we find 1.72 
‘percent, the same amount of free ammonia found in the fresh manures. 
he lack of air practically stopped the action of aerobic bacteria and 
anaerobic fermentation had proceeded slowly within the layer of 
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An objection might be raised that the difference in content of 
free ammonia was the result of unequal bacterial activity, and that 
more ammonia had been formed in No. 19 than in the others, but a 
comparison of the determinations of total nitrogen in the ‘thoroughly 
dried samples, shows that the ammonia had been formed in equal 
amounts in these manures, but had been lost before being changed 
into a form which could be better retained by the manure. 

This can be seen to better advantage by repeating the figures 
given in Table II for these four manures. 
Total nitrogen 
in air-dried manure. 


Total nitrogen 
in fresh samples. 


INGOaL Op cn ease O35, ey eee oe 1.430 
INO FO) ses tye eee BAGS 5 ys Se eece nate Lise u 
ING B20 Wee eres gaye IU) ene giAe Cae Ae DRL SE A 1.673 
IN Gay 2 ly eee oe ee (7 Us esa rope are 1.529 


It will be noticed that all four manures have nearly the same 
amount of nitrogen in the air-dried samples, and since the sheep were 
all fed alike, at the same time and in the same way, it would be 
reasonable to suppose that these manures had over two percent of 
total nitrogen as they lay in the corrals and it was only when they 
were scraped out and aerated that the ammonia was lost. 

Another factor tending to preserve the ammonia in No. 19 was 
the larger amount of water present. 


INO ntl Oy tk een ean Means 54.87 percent moisture. 
INGia-10. <2. Tee ee yee 63.57 percent moisture. 
ING i 20 $55 eee eee 50.05 percent moisture. 
ING) 27 =a nem wee eae 47.92 percent moisture. 


No. 19 had not lost its moisture because it had been left undis- 
turbed in the corral, and this was not due to a favorable location. The 
corral in which it was found was on top of a hill with no shade of 
any kind. No. 18 probably had just as much or more moisture as 
it lay in the corral a few days before, but in scraping it up and haul- 
ing to the pile it had lost about 9 percent as we are justified in 
concluding from the fact that comparable samples from the same farm 
contained 62 and 63 percent moisture. 

Table II shows how dependent the percentage of free ammonia, ~ 
and to a slighter degree that of the total nitrogen, is upon the water — 
content of the manure. The more moisture in the manure the more 
free ammonia and total nitrogen is present. There are three samples, 
Numbers 18, 25, and 33 which came from the same farm. They were 
on the north side of a row of thickly set cottonwoods and the moist 
condition was noticeable at the time of taking the samples. Their — 
larger percentages of total nitrogen, 1.935, 2.110, 2.157, show the 
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effects of the larger content of moisture which prevented a part of the 
loss of ammonia, or, which amounts to the same thing so far as the 
value of the manure is concerned, retarded ammonification, and allow- 
ed more time for the formation of ammonium salts. The moisture 
also helps check excessive heating, which dissipates much of the nitro- 
gen as ammonia in a semi-arid climate. 

Another prominent case in point is No. 35, with 64 percent 
moisture which, though five or six years old, has retained 0.759 per- 
cent free ammonia. 

It will be noticed that the free ammonia amounts to about half 
the total nitrogen in the fresh manures and that there was a large loss 
on air-drying these samples. As we pass down the table to the older 
‘manures, this loss on drying becomes less until from No. 30 on there 
is scarcely any free ammonia, and practically no loss on air-drying, ex- 
cept in the case of No. 35 which was moist enough to retain 0.759 per- 
cent of free ammonia. This seems to indicate that at the end of about 
three years ammonification has entirely ceased, and the ammonium salts 
formed have either been lost or changed into nitrites and nitrates. It is 
probable that ammonification practically ceases long before this, es- 
pecially when the manure has been disturbed and aerated. 


The Loss of Ammonia in the Deterioration Experiment. 


The “fresh” manure, or the manure as it was taken out of the 
corral, contained 1.48 percent of free ammonia, which makes 130 
pounds in the ten tons of manure. At the end of 15 months there were 
but 32.2 pounds of ammonia. If no loss had occurred during this 
time our total nitrogen ought to be about the same in the sample 
when placed in the crib and again a year and a quarter afterwards, but 
we find that the total nitrogen has shrunken from 237.9 pounds in the 
ten tons to 122.4 pounds when sampled again, a loss of 115.5 pounds. 
We know that some leaching occurred during this time but it surely 
could not have been of much consequence when no potash was lost. 
The loss of nitrogen must, therefore, occur almost wholly through a 
loss of ammonia, 

Furthermore, from a series of determinations of nitrates, as given 
elsewhere in this bulletin, there was present but 0.121 percent of the 
manure as nitrates at the end of 15 months. There might have been 
some nitrates present, but certainly not much of the ammonia had 


_ been converted into nitrates. 


In all probability the greater portion of the work of ammonifica- 


_ tion had taken place and the 32 pounds of free ammonia obtained at 
_ the end of 15 months were simply ammonium salts awaiting nitri- 
fication. At the end of the second year there were but 7.1 pounds 
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of ammonia, showing that ammonification had now almost entirely 
ceased, if, indeed, it had not done so sometime previously. 

The further loss of 46.1 pounds of total nitrogen during the sec- 
ond year points to the fact that ammonia was still escaping, though 
much less rapidly than in the fresh manure. 

Another fact responsible at times for large losses of nitrogen is 
the presence of denitrifying bacteria which set free elementary nitro- 
gen. 


CARBON AND HYDROGEN. 


Elementary carbon and hydrogen determinations were also made 
on these samples of manure, the object being to find out to what extent, 
the carbon accumulated in the manure as it grew older. Theoretically 
it would seem as though the amount of carbon would increase as the 
manure is changed by the bacteria with the formation of soluble salts 
and setting free of gases. Since the insolubie ash accumulates with 
the age of the manure, this factor must be eliminated in the results. 
The percentages of carbon and hydrogen are, therefore, re-calculated 
which gives a better basis for comparison. 


The re-calculated results present a remarkable series. Far from 
being a variable quantity or showing any accumulation with age, the 
ratio of the carbon to the hydrogen is as constant a quantity as if 
the material were a series of lignite coal samples rather than ma- 
nures. The average gives a ratio of 33.6 to 4.9. The breaking down 
of the cellulose with the liberation of carbon dioxide has kept pace with 
other kinds of fermentation leaving the same relative amounts of both 
carbon and hydrogen present in the manure. ° 
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TABLE III. 
Carbon and Hydrogen in Sheep Manures. 
The results are in percent of air-dried manure. 


Sand and Silicic Acid Included || Sand and Silicic Acid Excluded 
No. Age Carbon pect Carbon Hydrogen 
tA: Freshy ~37 809: 5,682 39.250 5-843 
Pe reresh: 33 110, S.02k, || 35.160 5-332 
16 Fresh 30.095 4.808 33.875 5.412 
ie kreshy “20/08 “7 eg 31.610 5-331 
Ton years 224.712 se GAG 24.385 5.078 
to) Eyear » 34.521 - 5.276 36.358 99. 5.557 
BOs Veaty 25.120 2 Sey 32.884 4.678 
2iey lyeat. (25.005, . 3.068 34.722 4.905 
22 2 years 23.623. 3.110 | 36.630 4.823 
23. 2 years 27.201 3.792 || 35-434 4-924 
24 2 years 25.942 3.560 || 28.950 3.974 
P25) 3 years: 26.080" = 14'000: 7} 25734 5.069 
aor 3 years: 22; seme 3002 Bae208 "4.554 
28. | 2 years) |) 10,01 2.376 20.370 4.089 
29 3 years 25.398 3.443 35-344 4 792 
BO) 4. years, 28.6080) 35776 35-394 4.660 
31 4 years 22.450 3.195 35-423 5-041 , 
Beumeteveatsy 25.215) 3.408 37.630 5.198 
S35 ...4 years’ 27.624 3.068 32.602 . 4.683 
me 34 5 years 12.600 1.609 29.169 eyes 
35 5-0 yrs 25.471 3.590 33-816 4.766 
BOne 27 years 12.7490. 20717; ZO S17 Ac Ast 


THE CATTLE MANURES. 

. We will now turn our attention to the cow or cattle manures col- 
_ lected during the same winter as the sheep manures, but not presenting 
"so continuous a series. To enable a better comparison, we give an aver- 
age analysis which is obtained from about fifty analyses as given by 
Storer in his “Agriculture.” Many of the analyses included in this aver- 
age are of fresh manures, but this does not affect the results for they 
were not much higher in moisture than the old manures. This aver- 
page represents manures as they are met with in moist climates. 

Average Composition of Cow Manure in Percent. 


See ae 


Moisture Included Dry Matter Only 
Se 74.66 

Miroe Matter (22.22. 25.34 

ve ime tee wes he lah 4.31 17.01 
oe 0.56 erat 
Phosphoric Nhe HA tata OO 0.32 1.26 


Bl otal, Nitrogen __..._.__. 0.57 2.24 
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Notes on Table IV. 

No. 1. This manure was in a pile five feet high. The cattle were fed 
alfalfa hay. 

No. 2. Manure was in corral one year and was then put in pile four 
feet high. The feed was alfalfa hay. 

No. 3. This manure still lay on tHe ground in the corral. The feed 
was alfalfa hay. 

No. 4. This manure was in a pile four feet high. The feed was al- 
falfa hay and corn. 

No. 5. Only a small amount of this manure remained. The feed 
was corn, barley and alfalfa. 

No. 6. This manure was in a pile four feet high. The ieed was 
corn and alfalfa. 

No. 7. This manure was from milk cows, pastured during the day on 
native mountain grasses. No grain fed. 

No. 8. From milk cows fed as No. 7. 

No. 9. This manure was in pile three and one-half feet high. The 
feed was alfalfa and timothy hays. 

No. 10. This manure was made under cover of a shed, and had not 
been piled up. The feed was native, timothy and alfalfa 
hays. 

No. 11. Same as above except that only native hay was used. 

No. 12. This manure was undisturbed in a corral for two years and 
was then placed in a pile and remained there for eight years. 
The feed was native hay. 

No. 13. This manure was from a pile which had weathered until it 
was but one and one-half feet high. The feed was native 
hay. : 


Moisture is Low in Cattle Manures. 


A comparison of Table IV with the average analysis given shows 
a most striking difference in the moisture content, nor is this difference 
due to the inclusion of a number of fresh manure analyses in the stan- 
dard analysis, for in an experiment conducted by the New York 
Station, Geneva Bul. No. 23, New Series, the moisture in the manure 
_ after one year’s weathering is given as 75.18 percent. The average 
amount of water in the 13 manures given in Table IV is 52 percent 
or 22 percent less than in the average analysis. The cow manures 
are drier even than the sheep manures which had 13.3 percent less 
moisture than the standard analysis. Number 9, which has 76 percent 
_ moisture was from a pile under the eaves of a barn where it received 
_ the water from the roof during rainstorms. 
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There Was Some Difficulty With Sand. 


The total ash is high compared with the average, but when the 
sand and silicic acid are subtracted, the results are very close to those 
of the standard analysis. One of the difficulties with a few of the 
older samples of the cow manures was the presence of large amounts 
of sand and gravel which had been blown or trampled into them. Lit- 
erally a quart or two of gravel had to be picked out of some of the 
samples before anything in an analytical way could be done with them. 
For this reason the sand and silicic acid were carefully determined in 
the ash, although some of the silicic acid belongs to the ash of the 
manure as it was a constituent of the plants the animals fed upon. 


The Soluble Portion is Nearly a Constant Quantity. 


While discussing the soluble and insoluble ash in sheep manure, it 
was stated that the soluble ash did not increase with age, but remained 
near 7 percent. This is also the case with the cow manures, except 
that the soluble ash amounts to about 5 percent. This probably points 
to the fact that the manure can retain about that amount of soluble ash, 
the rest being lost through leaching. We know from many experi- 
ments, some of which have already been cited in connection with the 
discussion of sheep manure, that all manures lose rapidly in bulk and 
weight when exposed to the weather, and an increase in the ash con- 
tent, soluble as well as insoluble, should take place, but we find that 
the soluble ash remains constant. The loss consists chiefly of soluble 
salts and liberated gases, such as carbon dioxide and nitrogen, caused 
by the action of micro-organisms. From the results given in Table IV, 
it would seem that almost the whole of these soluble salts are lost 
since the manure retains only about 5 percent no matter how old it is. 
This loss is principally due to leaching, for some of our rainfalls-are 
heavy, and sometimes extend over a considerable period. 


Solubility of the Nitrogen, Potash and Phosphoric Acid in Water. 


It was so unusual to find the potash retained by the manure to a 
greater extent than the nitrogen, that 200 grams of manure No. 17 
were extracted with water, and the potash and phosphoric acid de- 
termined in the extract. 

After washing with water there remained 164.4 grams of manure 
making a loss in the extract of 17.8 percent. The nitrogen was de- 
termined in the residue and in the original sample, the former giving 
1.817 percent and the latter 1.125 percent, a difference of 0.692 per- 
cent, which. was the amount soluble in water. The phosphoric 
acid in the soluble portion amounted to 0.265 percent and the potash 
to 1.700 percent calculated on the air-dry manure. This shows con- 
clusively that it was not because the potash was held as some insoluble 
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salt in the manure but because there had not been enough rain to wash 
out the potash during the first year. The above figures represent 
a loss of 43.7 percent of the potash, 22.6 percent of the phosphoric 
acid and 38.0 percent of the nitrogen, which correspond closely to the 
results obtained under humid conditions. 


Potash and Phosphoric Acid. 


Since the potash salts and the phosphates are among the soluble 
salts, we find they are among those lost by leaching. It was pointed 
out that the phosphoric acid in the sheep manure was lost at about the 
same rate that leaching occurred. This seems to be the case here as 
the phosphoric acid determinations run very close together with the ex- 
ception of No. 4, which is probably high on account of the heavy ration 
of corn and alfalfa these cattle received. The potash determinations 
vary to a greater extent than those of the phosphoric acid, but to 
what this is due is a question. The cattle manures are much more un- 
satisfactory than the sheep manures, because so many different combi- 
nations of hays and grains fed are represented. ‘The rich feed gives a 
manure rich in plant food, and this difference sometimes persists after 
years of weathering. The phosphoric acid and nitrogen are less than 
results given in the standard analysis, while the potash is much higher. 
This again emphasizes what has been said regarding the loss of pot- 
ash from sheep manure, and corroborates the statement that the 
heaviest loss under our conditions is not potash but nitrogen. The 
average of 13 potash determinations is 4.64 percent, more than 
twice the percentage in the standard analysis. 

There is, of course, an absolute loss of potash as the manure loses 
in weight through weathering. This loss probably begins at about the 
same time it did in the sheep manure, namely, after the first year, and 
from that time on, like the phosphoric acid, it is lost at about the same 
rate as the manure loses in weight. 


The Nitrogen. 
The total nitrogen is lower than in the standard analysis. The aver- 
age of Table IV is 1.43 percent, while the standard analysis gives 2.24 
percent. The standard analysis is composed of very much 
younger manures than those in Table No. IV, and it will be noticed 
that the only manure in the table, No. 8, having an 
amount of total nitrogen equal to the standard analysis, is but six 


months old. Since the total nitrogen is low compared with the 
‘standard -analysis, the absolute loss must be very large. The loss of 
‘nitrogen on air-drying the samples follows closely the results as given 


under the sheep manures, i. e., the loss is heaviest where there is the 


‘most free ammonia. There are some results in which an apparent gain is 
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made on air-drying. The cow manures were much harder to sample 
than the sheep manures, and this probably accounts for some dis- 
crepancies in the results. 


TABLE Y: 
Carbon and Hydrogen in Cow Manures. 


The results are in percent of air-dried manure. 
Sand and Silicic Acid Included | Sand and Silicic Acid Excluded 


No. Age Carbon Hydrogen 
in years | Carbon Hydrogen 

I I 20.450 2.690 35.188 4.630 
2 2 23.920 3.193 37.901 5.007 
3 3 18.480 2.418 : 250735 4.676 
Penrose. 23.504 3.388 | SELO3 gy i RAR STZ, 
5 10-12 6.884% 2.698 12.263? 4.806 
6 3 25.414 3.256 32.982 4.226 
7 Ve 24.871 4.029 . 36.876 5.974 
8 Ves 27 .092 4303 37.887 6.032 
9 I 28.412 4.001 39.321 5-537 
10 2 20.784 3.208 34.354 5.302 
Il 2-5 19.983 2.859 36.071 5.161 
beni Om raitS.0460'-' . 2.730 34-546 4.995 
13 18 12.266 1.366 BAR 77a 3.863 


Table V, like Table III, gives a series of carbon and: hydrogen de- 
terminations which are remarkably close together. The average of the 
carbon determinations with sand and silicic acid calculated out is 33.8 
percent and the hydrogen is almost an even 5 percent. Now the ra- 
tio of the carbon to the hydrogen in the sheep manures was 33.6 to 
4.9 which are about the identical figures for the cow manures. ‘There 
is then practicallya constant amount of carbon and hydrogen in both 
sheep and cattle manures. | 


Some Miscellaneous Manures. 
Table VI contains those manures which were not all of one 
kind, but are rather to be classed as mixed stable manures. ‘Two of 
the manures, Nos. 44 and 45, are horse manure alone. 
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Notes on Table VI. 

No. 37.: Sheep and cattle. Pile 8 feet high. Very moist. 

No. 38. Sheep and cattle. Pile 8 feet high. 

No. 39. Sheep and cattle. In open corral undisturbed. 

No. 40. Sheep and cattle. In open corral undisturbed. 

No. 41. Horse, hog and cattle. In pile at least 15 years. 

No. 42. Cattle and horse. : 

No. 43. Mixed stable manure. Considerable hay and dirt in the 
manure. 

No. 44. Horse manure, made by work horses. Fed heavily on 
barley, bran, corn and alfalfa. 

No. 45. Horse manure. Pile 6 feet high. Not much bedding 
used. Interior badly fire-fanged. 


It will be noticed that the potash is high, and that the phosphor- 
ic acid runs about 1 percent. The moistures in the two horse manures 
are interesting in showing how this kind of manure practically burns 
up. At the end of 1 1-4 years there was only 35 percent moisture, 
and the whole interior of the pile was a mass of dry stems, so badly 
was it fire-fanged. It is rather surprising, however, to see how much 
nitrogen remained in the burned manure, although by far the great- 
er portion of it had been lost. 


Preservation of Manure. 


Knowing at about what rate the manure deteriorates, and what 
elements of plant food are most easily lost, a few hints might not 
be out of place as to some waste which can be stopped by good man- 
agement. Since the nitrogen, particularly as free ammonia, is the 
most easily lost in a dry climate, that is the substance we must pre- 
serve, 


We have seen that piling up manure loosely causes intense bac- 
terial action, and consequently loss of free ammonia. It will be best, 
therefore, to leave the manure in the corral until it can be hauled 
out and spread on the ground. If the corral must be cleaned, pile the 
manure in a shady place where its moisture will be retained. If at 
all possible and the weather is dry, moisten the manure with the hose 
after it has been placed in the pile; or, lacking any way of moistening 
the manure, try to clean the corral during wet weather. 3 

Any method of compacting the manure pile to keep out the air 
will be found to help largely in conserving the nitrogen. : 

If both cattle and horse manure are produced on the farm, 
probably much of the horse manure could be rotted and yet not badly 
fire-fanged by mixing the two manures. Here, too, an occasional wet- 

ting would save much fertility. } 
( 


* 
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Fresh sheep manure particularly should not be spread upon the 
land under our conditions, but rotting about six months, or at 
most a year, is all that is necessary to put the manure in fine condition 
for immediate assimilation by plants. 


Recapitulation. 


The main facts brought out by the deterioration experiment are 
as follows: 

Manure under our conditions does not lose in weight as rapidly as 
in more humid regions. ‘The sheep manure lost 32.5 percent in weight 
in about 15 months, and 56.7 percent in a little over two years. 

About half (48.6 percent) of the total nitrogen was lost during 
the first 15 months, and 68 percent was lost in two years. The total 
nitrogen sustains the heaviest loss of any of the elements of plant fer- 
tility in semi-arid climates. 

The phosphoric acid decreased 42 percent in 15 months, and 59 
percent in two years. ‘The loss in weight seems to fairly represent the 
loss of phosphoric acid. . 

The great difference between manures in semi-arid and humid 
climates is expressed in the potash. Practically all who have con- 
ducted experiments along this line mention potash as the most easily 
lost of the three elements of plant food, and that it is lost by leaching. 
Our manures retain the potash, probably due to the light rainfall. In 
the first 15 months no loss was found. ‘The second year an absolute 
loss of 35 percent of the potash occurred. ‘That the potash in fresh 
manure is soluble was demonstrated by experiment. Air-dried sheep 
manure lost 17.8 percent when washed with water, which represents 
a loss of 43.7 percent of the potash, 22.6 percent of the phosphoric 
acid, and 39.0 percent of the nitrogen. 

From the 23 analyses of sheep manure, we learn that they con- 
tain on the average 13 percent less moisture than an average of sheep 
manures in moist climates. 

The phosphoric acid remains at about one percent of the dry mat- 
ter irrespective of the age of the manure. 

The potash in this series of samples increases from an average of 
4.4 percent in the fresh manures to 6.3 percent in the one-year-old 
samples, and remains at about this figure for several years, which 
corroborates the summarized statement in regard to the potash in the 
deterioration experiment. 


There is a large loss of total nitrogen during the first two years. 


~ Almost the whole of this loss is due to a loss of free ammonia, which 


is produced in large amounts by the action of uro-bacteria, 
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The moisture in the manure plays a large part in retaining the 
free ammonia. 

Nitrogen as nitrates varied widely. There was none in the fresh 
manures even after keeping the air-dried samples in the laboratory sev- 
eral years. As much as 27 percent of the total nitrogen was found 
present as nitrates in one sample. There was, however, no unifor- 
mity in the results, i. e., some of the older manures carried large 
amounts of nitrates while other samples of the same age carried almost 
none. 

The carbon and hydrogen in manures are present in practically 
constant quantities, the age seemingly having nothing to do with the 
amount. This was true in both the cattle and sheep manures and in 
both the soluble ash is nearly a constant quantity. 

Taking the results of all the tables as a whole, one is impressed 
by the sameness of the different determinations; especially is this true 
of the soluble ash, the potash, the phosphoric acid, the carbon and hy- 
drogen. It is not true, of course, of the insoluble ash which increases 
decidedly with age, nor of the free ammonia and nitrogen which de- 
crease with age. This sameness in the results means that, under our 
conditions at least, the manure is broken down by bacterial life at 
about the same rate that leaching carries away the soluble salts. 
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SOME INSECTS AND MITES ATTACKING THE PEACH IN COLORADO 


By GEORGE P. WELDON 


The peach industry in the western slope region of Colorado is 
one of much importance, and the need for literature treating of a 
few insect pests and mites that the peach grower must reckon with, 
seems to be great enough to justify the publication of this bulletin. 

The novice in the business of growing peaches in Colorado very 
often begins with a mistaken notion that peach trees require no 
spraying. That notion has probably grown out of the fact that in the 
early history of orcharding in the State, spraying for the control of 
insect pests was confined almost entirely to apples. While the spray- 
ing of peach trees may not be necessary every season, there are times 
when certain sprays are necessary in order that destructive pests 
may be controlled. One who hopes to make a success growing hig 
grade fruit must resort to spraying whenever the prevalence of 
some insect pest demands it. It would not be wise to lay down set 
rules for the spraying of peaches, for there are too many factors 
that may bring about a marked increase or decrease in the numbers 
of certain pests occurring from season to season. For example, 
last spring a very severe infestation of the common green peach 
aphis in the peach growing sections of Colorado, made it necessary 
that stringent methods of spraying be adopted. The previous 
spring the ocurrence of this pest was very general, but it was not 
abundant enough in most orchards so that it was necessary to spray 
for its control. Often a dormant spray of lime and sulphur, or solu- 
ble oil is beneficial in orchards where certain pests may be spending 
the winter. Too much, however, should not be expected of dorman* 
sprays, and while there are insects that they may control very cf- 
fectively, there are others that will be controlled but partially or not 
at all. Very often the orchardist who uses a lime and sulfur spray, 
seems to lose sight of this fact, and because the spray does not meet 
with his expectations in controlling some certain pest, he condemus 
it for all of them. Asa matter of fact he probably was paid for its 
use in the destruction of some other pest. 


THE PEACH TWIG-BORER (Anarsia lineatella Zell) 


One of the most common enemies of the peach in the United 
States, is the twig-borer, or “bud worm” as it is sometimes called. 
Its occurrence has been reported from most of the peach growing 
states of the Union, both in the East and West. 

In Colorado it has been known for a number of years, and while 
it is not a seriously injurious pest every season, there are seasons 
when it becomes exceedingly destructive, and is responsible for a 
great financial loss to those peach growers who do not adopt prope: 
' methods of control. 
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The adult of the twig-borer is a tiny, dark gray moth. It is an 
Old World species, supposed to have come to us with the peach 
from Western Asia, and has been known in the United States since 
1860. 

Kind of Trees Affected—The twig-borer is principally an 
enemy of the peach, and usually we hear of it in connection with its 
damage to this fruit. It may be found, however, on all stone-fruit 
trees, but shows a decided preference for the peach. In Bulletin 80, 
of the United States Department of Agriculture, Dr. Marlatt men- 
tions the pear among its list of food plants. The writer has never 
noted the attack of this insect upon other than stone-fruit trees. Its 
occurrence on the pear or other pome fruits is probably rare, and 
might be compared to the occurrence of the codling moth, which is 
almost exclusively an enemy of the pome fruits, in plums, peaches, 
or other stone-fruits. While cases of codling moth infesting stone- 
fruits in any numbers are rare, they were found the past season, so 
plentiful in Burbank plums of a certain orchard, that they were 
really doing considerable damage. The twig-borer, during a sea- 
son of abundance, might occasionally modify its habits to the extent 
of an occasional attack upon pome fruits, as the codling moth in a 
season of abundance may modify its habits and occasionally attack 
stone-fruits. 

The Larvae and Their Injury.—The larvae, as is shown in Fig. 
1, hibernate in little silk-lined chambers constructed within the 


bark and very close to its surface. Mr. Warren T. Clarke, in his 
bulletin, *states that “in the majority of cases they are found just 
beneath a thin layer of the greener cells, just below the brown bark, 
while the greater part of the burrow is in the yellowish portion of 
the cambium.” He also states, in connection with the winter bur- 
row within the bark, that: ‘The postion generally chosen on the 
tree for the purpose is the crotch formed where the new wood joins 
that of the previous year, though older crotches are occasionally se- 
lected.” In Colorado I have found them almost entirely in the older 
crotches and always, when found there, they have been in the brown 
portion of the bark, just as close to its surface as the hibernacula 
could be constructed. Occasionally the hibernating cells containing 
larvae, have been found underneath buds on the new growth of 
peach trees. Their occurrence in this location does not seem to be 


at all general. 
*Bull. 144, Calif, Exp. Sta. 
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While hibernating the larvae vary somewhat in size, but are all 
very small, and their detection is somewhat difficult, except when 
very close observations are made. The presence of the larvae them- 
selves during the hibernating period, could scarcely be detected 
were it not for the fact that they construct, at the entrance to their 
burrows, tiny silken tubes covered on the outside with bits of bark, 
which were chewed off by the larvae while excavating the hiber- 
nacula. These little tubes are shown in the crotch of a tree in Fig. 
3, and again one is shown at the entrance to a burrow containing 
larvae in Fig. 2. The larval cell is also lined with silk, the silken 
tube being merely a continuation of this cell lining. Throughout 
the winter months the hibernating larvae remain inactive within this 


cell. Apparently no feeding is done after the time that they con- 
struct the cells until they leave in the spring, consequently no growth 
takes place during that time. A hibernating larva, magnified 26 
diameters, is shown in Fig. 1. These larvae are exceedingly well 
protected! in their hibernacula, and Mr. Warren T. Clarke’s experi- 
ments in California show that they are almost impenetrable to even 
an oil spray during the winter season. 

___ In the spring of the year, about the time the peach trees bloom, 
the larvae leave their winter quarters and eat into the tips of the 
twigs, either beginning their work at the extremities.or a short dis- 
tance below, sometimes hollowing them out for usually a distance of 
less than an inch from where the twig was entered, leaving a mere 
shell or hollow cylinder of the portion in which they have fed. Again 
they may merely gouge out the tip of a twig on one side, entering in 
as far as the pith and then leaving for some other twig. Thus they 
go from twig to twig, feeding first in one and then in another, until 
often the tips of a great many branches will be killed back, thereby 
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checking their growth and more or less injuring the tree. The de- 
tection of their work is no difficult matter a short time after they 
begin feeding, for the leaves of affected twigs soon wilt, as in Fig. 
3, and later dry up from the injury done to them. 

The injury the first brood larvae do to twigs, while sometimes 
alarming, is not usually to be compared with the injury to the fruit 
from the second and third broods. Often this injury to the fruit is 
extensive enough to render great quantities of it unmarketable, and 
we have a condition of peaches comparable to that of apples as a re- 
sult of codling moth attack. The larvae usually enter the fruit from 
the stem end and may feed entirely within the flesh, but very often 
they eat their way into the pits. Affected peaches may be detected 
by an issuance of sap mixed with little pellets from the fruit which 
have been chewed up by the larvae. This sap hardens on the out- 
side and peaches so effected, are often termed “gummy peaches.” 

The Pupal Stage —This stage of the insect is said to last from 
6 to 12 days, the first brood remaining pupae for the longest time. 
This period is passed by the first brood pupae, according to Mr. 
Clarke, principally in curls of bark on the trunks of trees. They 
may, however, be found in other places, such as between two 
peaches which come in contact with each other, under rubbish on the 
ground, etc. The cocoon which they make is a very flimsy one; 
in fact, so much so that in reality it should not be termed a cocoon. 
A few strands of silk are spun by the larvae, and to these strands 
the pupae is attached by means of hooks at the tip of the abdo- 
men. The second and third brood pupae more often pupate in the 
suture at stem end of peaches than underneath the bark, and the 
semblance to cocoons is even less than in the case of the first brood. 


The Moth—The twig-borer moth is a tiny, gray insect, about 
14 inch in length and having a wing expanse of about % inch. It is 
quite a beautiful little moth with its dark gray, fringed wings. They 
are very seldom seen in the orchards by the fruit growers, because of 
their small size, their close resemblance to projections of the 
bark and their habit of resting perfectly still during the day time 
on the trees, 


The Egg—Eggs of this insect were first found by Dr. Mar- 
latt, who kept the moths in confinement and found that they were 
deposited above the bases of the petioles of the leaves. Mr. Clarke. 
in California, found the eggs of the first brood in the orchard, in the 
same location as described by Marlatt. He found, however, that 
the eggs of the second generation of moths, were laid not on the 
twigs, but on the fruit and in the edge of the stem end! depression; 
the eggs of the third generation were found in cracks of the bark, or 
exposed on its surface, just above the crotches formed by the new 
wood, and on the old wood. 
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The eggs are pearly white, changing to a deep yellow before 
hatching. They are quite conspicuous, being about % of a milli- 
meter (1/60 of an inch) in length by % mm. (1/120 inch) in 
breadth. 

These observations of the egg and egg-laying habits of the in- 
sect, made in California by Mr. Clarke, are very interesting, as they 
are the first recorded from studies made under the natural condi- 
tions of the orchard. 

Experiments for Control of the Twig-borer—The experiments 
testing different insecticides for the control of this pest, were all con- 
ducted in the spring of 1910, and were combined with the green- 
peach aphis experiments recorded in this bulletin, with the discus- 
sion of the latter pest. 

The comparative scarcity of twig-borer the past season made it 
difficult to secure much reliable data from the experiments. ‘Table 
I was compiled from data gathered in the W. C. Strain orchard at 
Clifton, and Table III gives general results of all the experiments 
in both the Strain and Paxson orchards. 


TABLE I. 
Results attained with different insecticides in controlling the peach 
twig-borer, in the W. C, Strian orchard at Clifton, Colo. 


Insecticide Used Pe iccrtvea iutcarnimed| “Wiese. [Sheammined 
plackedveaty Gann Soak Sie 1-30 March 7 | April 26 5 3 
Blackesheatimm assis = a 1-40 < $f 6 3 
Black TWeeait vero ks Ue eA in 1-50 re 3 3 
TE YEVE) a) AEs iu le a oo 1-70 oe io 0 1 
Black eah i 40eeua sees oe 1-600 ce Kb 0 2 
BlackwLeal."A0) {2 Fess 1 800 i oe ji 4 
Black TWeatit'40? 22 ees. 1-1000 v3 ee 6 4 
Time and Sulfur-.-__-. --. 1-10 “ ce 0 12 
imiane ang Sulfur. —2 2.9 -_-. 1-11 Os we 0 
DOMME NOs ae atses aoe ei 1-20 ‘ ce 4 2 

Unsprayed --- -- peas i: 16 4 


While it is not thought that this year’s experimental work with 
twig-borer, would justify the drawing of many conclusions, there 
were at least some helpful hints gathered in regard to its control. It 
may be seen from Table I that “Rex” Lime and Sulfur gave perfect 
results. More trees were sprayed with the “Rex” mixture I-10 and 
I-11, than with any other insecticide, yet in a very careful examina- 
tion of 12 trees by Mr. Strain and myself, we failed to detect the 
presence of a single wilted twig because of the work of the borer. 
On 4 check trees in the same block 16 wilted tips were counted, and 
on 22 trees sprayed with tobacco preparations and soluble oil, 31 
wilted tips in all were counted. One tree sprayed with Black Leat 
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1-70 was free from wilted tips, and also 2 trees sprayed with Black 
Leaf ‘‘40” 1-600. The fact that the higher strengths of Black Leaf 
did no appreciable good, would indicate that it was simply a matter 
of chance that the one tree sprayed with the weaker strength, indi- 
cated good results. Black Leaf “40” 1-600 apparently gave good 
results, however, because of only two trees having been treated, and 
because of the scarcity of the twig-borers in the orchard, it would 
not be wise to draw any definite conclusions without further experi- 
ments. The number of trees treated with lime and sulfur and their 
total freedom from borers, seemed great enough, when compared 
with the small number of check trees, and other sprayed trees with 
quite a number of borers, to justify the conclusion that “Rex” lime 
and sulfur is a perfectly effective spring remedy for this pest. For 
some unknown reason home prepared lime and sulfur used at the 
same time as the “Rex” spray, but in another orchard, apparently 
did little good. 

Mr. W. T. Clarke, in Bulletin 144, of the California Experi- 
ment Station, at Berkeley, gives some interesting data in regard to 
sprays applied at different times of the winter and spring, for the 
control of twig-borer. He found that during the winter season the 
little larvae, in their hibernating cells, could not be killed either with 
kerosene emulsion or lime and sulfur. He discovered, however, that 
the larvae become active in these cells for some time in the spring 
before emerging, and that during this period of activity the cells 
are rendered more or less permeable to a spray, and then the larvae 
can be successfully combated with a contact insecticide. In regard 
to the effective use of a spring spray of lime and sulfur, Mr. Clarke 
says: 

“The lime-salt-and-sulfur-sprayed trees, when the spraying 
had been done in the early spring, showed the most satisfactory re- 
sults of any at the time of examination. On the various station or- 
chards, comprising over 12,000 peach trees, the average number of 
bud-worms was about one to every ten trees, and this average was 
maintained on many orchards in the district. Indeed, it was a dif- 
ficult matter to find the worms in these orchards, and it was only by 
the closest scrutiny of the trees that they could be located in them. 
The general condition of these trees was excellent, and a marked 
absence of ‘curl-leaf’ was noted. 

“An examination of the trees in orchard No. 1, that had been 
sprayed with the lime salt and sulful early in February, showed that 
the attack of bud-worms was severe. On many of the trees from 
which we cut the worms we found from 5 to g to the tree. The 
general condition of the trees was good and a very small amount of 
‘curl-leaf? was present.” 

From this season’s experiment at Clifton, from the experience 
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of the many Colorado orchardists who have used lime and sulfur for 
the control of this pest, and from the apparent success of this spray 
in California, we feel justified in recommending it for use in the 
sections of Colorado where there is injury from twig-borer. 

While arsenate of lead was a total disappointment in this sea- 
son’s tests, it has previously been used with good success and is, no 
doubt, effective when applied at the proper time. E. P. Taylor, in 
his annual report of the Western Slope Fruit Investigations for 
1906, gives some very satisfactory results from the use of 5 pounds 
of arsenate of lead to 50 gallons of water, applied on April 14, at 
which time the majority of the blossom buds showed their pink tips. 
Commenting upon the results of his experimental work, he wrote: 
“Tt may be said that arsenate of lead, applied in the spring at the 
time the buds of the peach are beginning to open, will control the 
peach twig-borer as effectively and cheaply as the lime and sulfur 
wash, up to this time the most universally used.” 


THE PEACH TREE-BORER (Sanninoidea exitiosa) 


Colorado peach growers are fortunate in that they do not, as a 
rule, have the crown-borer of the peach to fight. In many of the 
peach-growing sections of the United States, this is one of the worst 
pests preying upon the trees. Unlike the twig-borer, which feeds 
upon the tender twigs and fruit, this species feeds just beneath the 
bark at the crown of trees, often girdling them. ‘The adult insect is 
a moth which, at a glance, more closely resembles some kind of a 
bee or wasp, than a moth. The eggs of this moth are deposited on 
the trunks of peach trees, and the little worm-like larvae hatching 
from them, eat their way beneath the bark and there feed until full 
grown. 

The work of the insect may be detected by masses of gum in 
which are mixed pellets of wood or borings which the larva chews 
to pieces as it feeds. These gum masses usually occur at, or just be- 
low the ground line. Their presence aids in the fight against this 
pest, as the burrows in which the larvae feed can always be found 
beneath. By using the point of a knife or a piece of wire, this bur- 
row may be followed and the larva located and killed. No better 
method for combating the peach tree-borer has ever been devised 
than worming, as the above process is called, with a knife or some 
other implement that can be inserted into the burrow. Worming 
should be done both in the fall and spring. While the larvae often 
do not attain a sufficient size in the fall to be readily detected, a 
great many of them can be killed before they get in very far, thus 
preventing the damage that they mien do before they could be de- 
tected in the spring. 

Various other methods of control have been tried, such as 

wrapping the trunks with tar paper to keep the moths from deposit- 
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ing their eggs, applying repellants for the same purpose, and mound- 
ing the soil up above the crown of the tree. This last named method 
is valuable in that where it is used the larvae may be induced to enter 
the trunk of a tree some distance above the surface of the ground, 
then when the mound is removed the worms are high on the trunk, 
where they can be much more easily destroyed than if they were 
lower down. 
SCALE INSECTS. 


It is very fortunate that none of the scale insects have as yet 
been found abundantly on peach trees in Colorado. The San Jose 
scale has been seen on a very few trees, but not plentiful enough to 
do any serious injury. This pest seems to confine its attacks more 
to the apple in the few orchards where it has been found. 

In one section of the Grand Valley a scale insect closely allied 
to the dreaded San Jose is found. Samples of this scale were sent to 
Prof. T. D. A. Cockerell, Entomologist in the State University at 
Boulder, who kindly determined it for me as the putnam scale. Only 
in rare cases has this insect been found doing serious injury. 

There are other scales of minor importance that are sometimes 
found on peach trees; all of these insects may be successfully com- 
bated with an early spring spray of lime and sulfur, or soluble oil. 
If Rex lime and sulfur is used it should be diluted by using 1 part 
of the Rex solution to 10 parts of water. A good home-made lime 
and sulfur is as effective as the Rex, and should be made with 20 
pounds of lime and 15 pounds of sulfur to 50 gallons of water. 
Soluble oil is ordinarily used at a strength of one part of the oil to 
from 15 to 20 parts of water. 

While spring spraying for the control of these scale insects is 
probably more advantageous than a spray at any other time, good 
work can also be done with a fall application. Very often orchardists 
would rather spray in the fall because there is more time to do so 
than in the spring. 

THE BROWN MITE (Bryobia pratensis Garman) 


In Bulletin 152, of this Experiment Station, an account was 
given of the life habits and injuries from this species of mite, and 
also the red spider. As this bulletin is still available it will not be 
necessary to again give a detailed account of these two pests. 

This mite passes the winter almost entirely in the egg stage. 
These eggs are tiny, red spherical-shaped, glassy objects, usually 
deposited in or near crotches of the branches. Hatching takes place 
in the spring. At first the young mites are red in color and have 
only six eggs. Upon feeding for a short time moulting takes place, 
after which the mite is olive green, or brown in color, and has eight 
legs more or less tinged with red. It feeds principally upon the 
leaves, occasionally attacking the fruit, and may be detected by the 
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faded out, pallid appearance of the foliage, dotted here and there 
with little black specks of excreta. Plate I Fig. 3 shows two peach 
leaves which have been attacked and two which are normal from 
the same tree, and gives a good idea of their appearance after this 
pest has been feeding upon them. 

Control Measures.—Experiments recorded in Bulletin 152 
show that tobacco preparations are of little value in controlling this 
mite; that they will kill the mites, but not the eggs. As the latter 
are almost always present on a tree where the mites are feeding, 
such sprays can only be effective when repeated applications are 
made. The sulfur spray was again tested this season, this time at 
Palisade, Colorado. Some badly infested pear trees were treated, 
using 10 pounds of sulfur to 50 gallons of water. Results of this 
test were perfect, and a week after the trees had been sprayed it was 
hard to find a living mite on them. 

An interesting point in connection with the sulfur treatment 
for brown mite is: The adult mites are not immediately affected 
by the spray, but those newly hatched die shortly after the applica- 
tion. An examination of a tree the day after spraying with sulfur 
is usually disappointing, for the adult mites may be alive and abun- 
dant. In all the tests made a very few newly hatched, six-legged 
mites have been found, 24 hours after spraying, and in a week’s 
time neither adult nor newly hatched mites can be found. ‘The sul- 
fur adhering to the bark and leaves, undoubtedly kills the young 
mites as they hatch from the eggs. Whether the older ones are 
killed by the sulfur or simply die a natural death is a point that has 
not been determined definitely. As there are probably only three 
broods of this mite, and they are quite long lived, it would seem that 
the sulfur really kills the adults, but that it takes some days to do 
so. The important fact remains that the young mites never develop 
after the sulfur treatment, whether hatched or in the egg stage at 
the time of treatment, and that the adult mites are either killed by 
the sulfur or die a natural death within 7 or 8 days after treatment, 
thus ridding infested trees of the pest. 

Lime and Sulfur an Efficient Remedy.—In Bulletin 152 the 
following statement was made: ““I'rees may be treated while dor- 
mant with lime and sulfur. This spray has no effect upon the eggs, 
but probably kills the young mites as they hatch.” The fact that the 
lime and sulfur kills the young mites as they hatch was definitely 
established last spring at Palisade, Colorado. 

Three adjoining peach orchards, each containing a great many 
brown mite eggs—two of them sprayed with Rex lime and sulfur 
I-10, and one not sprayed—were chosen as observation places to de- 
termine this point. ‘The eggs were found hatching in all three or- 
chards at the same time; in the orchards which were sprayed a great 
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many of the tiny, red mites could be found where they had died on 
the limbs very soon after hatching. In no case were any found alive, 
except a few immediately hatched from the eggs. In the un- 
sprayed orchard all the mites seemed to live and the trees were soon 
covered with them. ‘Throughout the season the sprayed orchards 
were almost entirely free from mites, while the unsprayed one, lo- 
cated between the other two, had quite a serious infestation. 

As a result of the extensive use of a lime and sulfur spray in 
the Palisade section the past season, the brown mite was practically 
exterminated, except in a few orchards where such a spray was not 
used. 

THE RED SPIDER (Tetranychus bimaculatus) 


This mite differs from the preceding one in its wintering hab- 
its; instead of living over in the egg stage, as the brown mite does. 
this species hibernates in the soil as an adult, close to trees upon 

‘which it has been feeding, or underneath rubbish of any kind. On 
the 7th of November, this season, they were found plentifully, under 
burlap bands that had been applied to trees for the purpose of trap- 
ping the codling moth larvae. Hibernation begins before the cold 
weather sets in; the first downward migration of mites to the soil 
was noticed at Grand Junction, this season, on July 26. While a 
few of them may work on trees until late in the fall, their damage 
is usually over by the 15th of August. 


E.ges are laid in the spring by mites that have lived through 
‘tthe winter. ‘These eggs are pearly white, and may be seen as tiny 
specks on the under surface of the leaves. 

When first hatched from the egg this mite, like the species 
previously treated, has only six legs, the fourth pair developing with 
the first moult. ‘They are somewhat smaller than the brown mite, 
usually green in color while feeding upon the foliage of trees, with 
minute black dots on the dorsum of the abdomen. When feeding 
ceases in the fall, and they begin their downward migrations to the 
soil, they become an orange, or red color. During my observations 
of this species of mite, for the past three years, a red one has never 
been seen on fruit trees until feeding ceases in late summer. In 
greenhouses this same species is very often red in color. Unlike the 
brown mite, the red spider has the power of spinning a web, and 
may easily be detected, when prevalent, by the presence of these 
webs on the foliage, or branches of infested trees. The appearance 
of injured peach foliage is not unlike the appearance of that injured 
by the brown mite, but is more inclined to turn yellow in patches. 

Control Measures.—Sulfur is very successful in treating this 
mite also, whether dusted upon or applied as a liquid spray to in- 
fested trees. When applied in water, by means of a spray, sulfur 
should be very finely screened, and mixed with the water by using 
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a small amount of soap. Without the soap the sulfur will remain 
on the surface of the water, while with the soap it will sink to the 
_ bottom of the spray tank, and a good agitator will keep it mixed. 
Lime and sulfur has not proven a successful treatment for red 
spider, and cannot be depended upon to do effective work when 
used as a dormant spray. 
: The use of tobacco preparations, as with the brown mite, re- 
sult in little good. 


By C. P. GILLETTE and GEORGE P. WELDON 


THE GREEN PEACH APHIS (Myzus persicae Sulz) 

This is the common green peach louse so prevalent early in the 
season curling the leaves and often attacking the blossoms and 
forming peaches in a most destructive manner. 

This insect was quite fully treated and figured in its natural 
colors in Bulletin 133 of this Station, by Gillette and Taylor. Copies 
of this bulletin are still available for those requesting it. 

How the Winter Is Spent—The eggs of this species of plant 
__ louse are deposited on peach trees, (occasionally on other stone fruit 
_ trees), in the fall, where they remain unhatched until early spring. 
Their detection is not as easy as that of the com- 
mon green apple aphis egg, but is not extremely 
difficult when one knows where to look for them. 
Last fall the eggs were deposited in such large 
numbers that they could be easily found in a 
great many orchards. In some cases the buds 
of peach twigs were dotted black with them. 
Usually these eggs are deposited on, or very 
close to atbud, (See Fig. 4), and very often just 
as deep in wrinkles or depressions as possible, 
and unless they are plentiful, it may require 
sharp eyes to detect them. When first deposited, 
the eggs are light green in color, turning black 
after exposure to the air. They are much smaller 
than the eggs of the common green apple aphis, 
which nearly every orchardist has seen, but are 
4 quite similar in shape, color and general appear- 
ance. This pest may live over winter on vegetation that remains 
green throughout the winter season, so there would be a possibility 
f trees becoming infested at least late in the season from other 
ources, even though the eggs were all killed by an insecticide, or 
led to hatch because of unfavorable weather conditions or other 
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The eggs of this aphis hatch very early in the spring. 
E. P. Taylor reports having found them hatching at Grand June- 
tion, Colorado, on the 16th day of February, 1907. The month of 
February that winter was unusually warm and the extremely early 
hatching of the eggs was due to that fact. However, hatching 
takes place when the buds have scarcely begun to swell, a fact which 
is not generally understood by the fruit grower, and one which is of 
very great importance in its relation to the control of the pest by 
means of a spray. The past spring, eggs were found hatching on 
the 7th of March at Clifton, Colorado, at which time the buds 
seemed perfectly dormant. 


Spring Habits—When first hatched from the eggs these aphids 
are dark green in color, and may be seen as tiny, dark specks crawl- 
ing along the twigs, or more often, clinging to the buds. It is prob- 
able that they can exist for a number of days after hatching with 
little or no food. What feeding they do takes place on the buds of 
very tender bark into which their beaks are inserted, and from 
which a portion of the early flow of sap is extracted. Plant lice of 
the spring brood, which hatch from eggs that have remained on 
trees over winter, are known to the entomologist as stem-mothers. 
The full grown stem-mothers of this plant louse are of a pinkisa 
or salmon color, and before there is a sign of a peach blossom in 
the spring, these stem-mothers have begun reproduction. Their 
progeny are born alive, eggs never being laid except in the fall, and 
then by an aphis which, though only a different form of the same 
species, might be taken by the orchardist for an entirely different 
kind of plant louse. The generation from the stem-mothers differ 
from the latter in that they are light green in color, with darker 
green, longitudinal markings on the dorsal surface of the abdomen, 
but are never pink like the stem-mothers. Just as soon as the buds 
on infested trees begin to unfold, the stem-mothers, with their 
progeny, are ready to enter within. At first they seem to prefet 
feeding in the blossoms, but after these fall, quite serious injury 1s 
often done by their feeding on the leaves. Probably the greatest in- 
jury to peaches resulting from their attack, consists in the dropping 
of the small fruit which has become devitalized from the loss of 
sap until it can make no growth, hence shrivels and falls to the 
ground. The injury to the peach is practically all done while it is 
yet in the husk or calyx tube. After the peach has cast off thi: 
calyx tube it is not likely to be molested further by the aphids, anc 
unless it has been too much weakened before this time, the proba- 
bilities are that it will not drop as the result of aphis attack. 

Summer Habits ——Fortunately this pest cannot, or does not 
spend its entire existence upon the peach or other trees, but leave: 
them for more succulent vegetation. Shortly after the peaches art 
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‘ormed, winged lice begin to appear in the colonies; these fly away 
© other food plants, and by the last of June very few can be found 
mn peach trees. This is indeed a blessing to the peach grower, for 
should this pest continue its ravages throughout the summer on 
he peach, it would require great effort and expense to control it. 
As it is, trees often suffer a great loss of foliage, and if it were not 
or the wonderful power of the peach tree to recover after this in- 
ury, the result of the aphis attack would be more disastrous. 

Gillette and Taylor, in Bulletin 133, of the Colorado Experi- 
nent Station, gave a list of 53 plants growing in the greenhouse, 
vhich were found to be infested with this aphis, and 25 plants 
rrowing out of doors, the out-of-door plants comprising most of 
he common garden vegetables and weeds. ‘The variety of plants 
ipon which this louse feeds during the summer time is so great 
hat it is probable that it will seldom be plentiful enough on any 
me kind to do serious injury. While on the summer food plants, 
his aphis is usually light yellow in color, and without the green 
tripes so characteristic of it while feeding on the peach. 

Fall Habits—The last winged generation of lice appearing in 
he fall are known as fall migrants, because of the fact that they 
eave the vegetation upon which the summer has been spent and 
nigrate to peach trees. These fall migrants do not deposit eggs, 
ut give birth to the true sexual forms, males and females. The 
emales are pink in color, somewhat similar to the stem-mothers 
vhich were on the trees in the spring, but smaller. After feeding 
or a time and becoming mature they deposit the eggs previously 
escribed. 

Spraying Experiments —Because of the abundance of green 
each aphis eggs last winter, a number of different tests were made 
n the spring, with various insecticides, in order to determine their 
alue as egg destroyers. The spraying was delayed a little too long, 
owever, and on the 7th of March, when the first applications were 
aade in the W. C. Strain orchard at Clifton, many of the eggs 
rere found to be hatching, and there was no trouble in finding the 
ittle green lice here and there on the twigs. A great many of the 
ges were not hatched at that time, hence the various sprays were 
ested as destroyers of both the eggs and the young lice. The block 
f trees sprayed in the Strain orchard, was only three years old, but 
ontained both the eggs of green peach aphis and the hibernating 
arvae of the twig-borer in abundance.. The small size of the trees 
1ade very thorough spraying possible. She work was done with a 
forrill and Morley barrel pump, so it was not possible to make the 
pplications with a high pressure. Thoroughness was depended upon 
» compensate for the deficiency in pressure. Tests were made in this 
rchard with Rex lime and sulfur, two strengths, namely: 1 gallon 
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of the “Rex” to 10, and I to 11 gallons of water; Black Leaf tobac- 
co extract, four strengths, namely: 1 gallon to 30, 1 gallon to 40, 1 
gallon to 50, and 1 gallon to 70 gallons of water; Black Leaf “40,” 
three strengths, namely: 1 gallon to 600, 1 gallon to 800, and 1 
gallon to 1,000 gallons of water; soluble oil, 1 strength, namely: 1 
gallon to 20 gallons of water. ‘Thirty-eight trees in all were 
sprayed in this test, and 5 were left without any treatment, for 
checks. 


On the 8th of March, 21 trees were sprayed in Mr. M. Pax- 
son’s orchard at Clifton. These trees were five years of age, and 
fully as many eggs of the aphis, and larvae of the twig-borer were 
found on them as in the Strain orchard. ‘The following insecti- 
sides were used on this date: Nico-fume at two strengths, namely, 
1 gallon of Nico-fume to 600, and 1 gallon to 800 gallons of water. 
i<erosene emulsion was applied at one strength only, namely, a 15 
per cent. oil emulsion prepared by using a common laundry soap. 

‘Black Leaf was applied at one strength, namely, 1 gallon to 55 gal- 
lons of water. Home prepared lime and sulfur was applied at one 
strength, namely, 15 pounds of lime ard 15 pounds of sulfur to 50 
gallons of water. ‘This lime and sulfur was made in the ordinary 
way, and was boiled for one hour, so that a first class lime and sul- 
fur spray was prepared. 

On March 28th the peach buds were just showing their pink 
tips, and several sprays were again applied. At this time three of 
the tests were made with a mixed spray of arsenate of lead and one 
of the tobacco preparations, the arsenate of lead being used for the 
twig-borer, and the tobacco preparation with which it was mixed, 
for the aphis. The following insecticides were applied at this time 
to about 150 trees: Rex lime and sulfur, 1 gallon to 10 gallons of 
water; Black Leaf, 1 gallon to 50 gallons of water; Black Leaf, 1 
gallon to 70 gallons of water, combined with arsenate of lead 3 
pounds to 100 gallons of water; Black Leaf ‘‘40,” 1 gallon to 800 
gallons of water; Black Leaf “40,” 1 gallon to 1,000 gallons of 
water, combined with arsenate of lead 6 pounds to 100 gallons of 
water; Black Leaf “‘40,” 1 gallon to goo gallons of water, com- 
bined with arsenate of lead 10 pounds to 100 gallons of water. 

Results of Experiments——Table II gives the results of the first 
examination made on March 15, of trees sprayed in the Strain 
orchard. It may be seen from this table that all insecticides ap- 
plied on March 7th resulted in effective control, at all strengths. 
Subsequent examinations were made on March 24th, April 26th, 
and May 11th, each one indicating practically the same results. It 
would seem from this experiment, that just as the eggs of this aphis 
are beginning to hatch is a favorable time to spray for its control. 
Lime and sulfur proved to be a perfect spray at this time. Appar- 
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ently, it gave a little better final results than anything else used. 
Table III gives a summary of results in both the Strain and Paxson 
orchards. It may be seen from this table that, with the exception 
of Nico-fume, all the tobacco sprays of both early and late applica- 
tions resulted in much good, but that lime and sulfur applied on the 
latest date of spraying did not prove beneficial. This application of 
lime and sulful was made at a time when some of the first lime and 
sulfur spraying was being done in the Valley, but earlier than much 
of it. The experience of most of the orchardists was: that the lime 
and sulfur did no good applied late for green peach aphis, which 
tallies with our experience. This season’s experiments indicate that 
the most important thing in connection with the control of this 
aphis by the use of lime and sulfur, is to get it on early; just as the 
eggs were beginning to hatch was found to be a splendid time. If 
spraying is delayed until the aphis becomes full grown, some other 
spray besides the lime and sulfur should be used. This spray will 
not kill the mature stem-mothers unless applied in excessive quan- 
tities. 

The tobacco sprays are much better to use when mature lice 
can be found. But these preparations are also more effectual at 
the time when the eggs are hatching. A great amount of material 
is required in order to be thoro enough to kill most of the lice after 
they are fully grown. 


_ The average orchardist would probably have a hard time to 
detect the little lice when they are first hatched, but the importance 
of spraying at this time should be sufficient reason for him to learn 
to find them. If this is not possible it would be reasonably safe to 
say that the lice may be found hatching after the first few days of 
warm spring weather in February or March, in the vicinity of 
Grand Junction, and that a spray at such a time would be success- 
ful. A hand lens, costing 25 to 50 cents, is of great service in find- 
ing the lice, 

On March 25th some large Triumph peach trees were sprayed 
on the C. H. Dilley place at Clifton. These trees had been sprayed 
a few days previously with lime and sulfur, but apparently with no 
success in killing the aphis, which at this time were clinging to the 
partially open blossoms waiting for a chance to get within. Part 
of these trees were treated with Black Leaf, 1 gallon to 70 gallons 
of water, and the rest with Black Leaf “40,” 1 gallon to 800 gallons 
of water. By exceedingly careful and thoro spraying, entailing the 
use of at least ten gallons of spray to a tree, it was found that prac- 
tically all the lice could be killed. The Elberta trees in this orchard 
did not have so many of the aphids on them, and the manager of the 
place decided that they did not need to be sprayed. On May 11th 
an examination of these trees showed the Elbertas to be badly in- 
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tested, and the Triumphs, which we had sprayed, were exceedinglv 
clean. ‘The difficulty experienced in spraying trees so late in the 
season, lies in the fact that the leaves always tend to curl and pro- 
vide such protection for the lice, that only the most thoro work can 
result in much good. 


THORONESS NECESSARY TO SUCCESSFUL SPRAYING. 


No matter when the spraying may be done for the control of 
this insect, success cannot be attained unless a very thoro applica- - 
‘tion of the insecticide is made. In fact, this is a general rule that 
will hold good in spraying for the control of’all insect pests. While 
this point is always emphasized by entomologists, our experience 
with orchardists has been that many do not have a proper concep- 
tion of what thoro spraying means. ‘This may be due in part to the 
failure to appreciate the fact that insects multiply tremendously in 
a short time, and unless a spray kills practically all of a pest, such 
as the one in question, a few days or weeks may see them as plenti- 
ful as they were before the spray was applied. Spraying investiga- 
tions in the orchard indicate, also, that much of the trouble is due 
to the expense of a proper treatment. Most of the insecticides used 
are very high priced, and the orchardist does not feel that he can go 
to the expense necessary to thoroly treat his trees. He very often 
fails to realize that work such as this, half done, is really work 
wasted, to say nothing of the expense. 

It is safe to say that spraying for the control of the green 
peach aphis can only be successful when very great care is used to 
thoroly drench every portion of infested trees. 


CONCLUSIONS. 


1. Lime and sulfur, both Rex and home prepared, Black Leaf 
extract, Black Leaf “40,” and soluble oil, may be effectively used 
for the control of the green peach aphis when applied in the early 
spring just as the eggs are hatching. 

2. A lime and sulfur spray is not effective when applied two 
weeks or more, after the eggs are hatched, for at this time the stem- 
mothers are mature, or nearly so, and are able to resist the action 
of this insecticide. 

3. Good tobacco preparations may be used with success any 
time after the aphids hatch, but it is more difficult to succeed late 
in the spring, because it is then more difficult to get the spay on 

all the lice, on account of the protection of the leaves. 

4. The best time to spray for this insect is in the early spring 
when the eggs are hatching. 

Table II, giving results attained in killing eggs and newly 
hatched lice of the green peach aphis on small trees in the W. C. 
Strain orchard at Clifton: 


TABLE Il. 


ef Strength of Date of Date of _ | No. of Aphids 
Insecticide Used Tasecticide Shravins earminadoe Bt oes 
Blink Weak ose 1-30 March 7 March 15 2 
Bilaeke I eatie tye n= Ses or 1-40 Be th 2 
BiackoWent ys. ee seas e 1-50 us e 1 
SS e¥el a0 Bic), ee ees See ee 1-70 v “ 1 
Black Iveat “40". he 1-600 = 0 
Black Meat *AQ Ue 323 fa 1-800 & ig 6 
Black Wyjeat 40). ay ets ok 1-1000 Oe t 7 
Rex Lime and Sulfur -___- 1-10 a 
Rex Lime and Sulfur -___-_- 1-11 af f y, 
Sole bie Mill wie sa aleveN 2 1-20 i i (0) 
Check aie in spec ace = oc 93 
TABLE III 
General Results in General Results in 
Insecticide Used Strength | Date of Killing Aphis Killing Twig-Borer 
: Spraying | arly Late Farly Late 
Spray Spray Spray Spray 
iplack Weat. 225 22. AA30) March 7} Good es te Wrsatisfac: | 2252. 
tory 
Black Leaf_.._ .... 1.40 March 7 | Good etre eRe She se 
Black Leaf-_._. ---- 1_50 March7 | Good Good es Unsatis- 
and 28 factory 
Black leafs. 1.70 March 7| Good Good | Apparently uy 
and 28 good but not 
enough 
trees 
Black Leaf “40’’__| 1-600 | March7]| Good Bee Goodie vp 2oaec 
Black Leaf “40’’__| 1.800 | March7]| Good Good Unsatisfac- | Unsatis- 
and 28 tory factory 
Black Leaf “40’’__| 1-1000 | March 7| Good ase eS eve leecs $15 
Nico-Fume _-.-___.| 1-600 | March7]| Poor etet 2 eal oi. lyk aie eee 
Nico-Fume . -____- 1.800 | March7} Poor ee aa a ta 
Soluble Oil __-__- 1.20 §| March 7]| Good Dad Sey sania exces 
ier. Hm)! S. 2 2 2 15% oil | March 7} Poor Soe COATS te PS Serer 
Rex Lime & Sulfur] 1-10 March 7| Good | Unsatis- Good Unsatis- 
and 28 factory factory 
Rex Lime & Sulfur} 1-11 March 7| Good | Unsatis- Good: ea ee 
and 28 factory : 
Lime and Sulfur_.|15-15.50 | March 7] Good peal Poor Unsatis - 
factory 
Black Leaf ._____ 1.70 
3:lbs. to |March 28)" —=2-- Good eee te 
Arsenate of Lead ) | 100 gals 
Tvead Arsenate -_ ) |101b-100 
March 28)> 222-2 Good ee cs 
Black Leaf ‘‘40’’ 1.900 
Black Leaf ‘‘40”’ 1.1000 i 
March 28) ----- Good ete 
Ljead Arsenate__ } | 6 1b-100 
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BLACK PEACH APHIS (Aphis persicae niger) 

This enemy of the peach has never been of much economic 
importance in Colorado. It has been found from time to time, in 
the peach growing sections of the Western Slope, but apparently 
has not been able to continue for any length of time in orchards 
where it has been introduced. Notwithstanding the fact that up ‘o 
the present time it has never made any headway in the orchards, it 
is well for the peach growers not to take any chances in orchards 
where it does appear, but to be prompt in making a very thoro ap- 
plication of Black Leaf, or some other good contact spray to in- 
fested trees. 

The fact that this pest has the habit of feeding upon the roots 
as well as the twigs of peach trees, makes it one that is dreaded. 
Because of its ability to live below as well as above ground, it might 
become a serious pest if conditions should happen, at any time, to be 
favorable to its development. 

Very often peach nursery stock coming from an infested 
nursery, is found to be badly infested with this aphis. When such 
trees are found they should be either carefully fumigated witi 
hydrocyanic acid gas, or sprayed with a good contact insecticide 
such as Black Leaf, kerosene emulsion, or whale-oil soap. Plate I, 
Fig. 2 shows a section of a peach twig on which is a large number of 
these aphids. This twig was cut from a tree which had just been re- 
moved from a box shipped into the state from an outside nursery. 
There were so many aphids in the box that they found their way 
through the cracks and could actually be seen crawling on the out- 
side in considerable numbers. The box bore a fumigation tag and 
tthe inspector, whose duty it was to look over all shipments of 
nursery trees into the county, rightly condemned all the trees in 
(tthe box. The dark color of the adult lice and their habit of feeding 
on the tender bark rather than the leaves enables us to separate this 
louse readily from the foregoing species. 
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THINNING OF THE WINESAP 


By R. S. HERRICK 


The Winesap apple, as a rule, does not attain sufficient size 
to meet the requirements for packing in the higher grades. This 
is especially true of heavily loaded old trees. It is not a “shy” 
bearer, but has a tendency to bear a heavy crop every year. 

At a meeting of the representatives of the leading fruit grow- 
ers’ associations of the State, held at Grand Junction in February, 
1910, rules were made and adopted for the grading of apples, which 
were as follows: “That the grade names be designated as ‘E.xtra 
Fancy,’ ‘Extra Choice, and ‘Standard.’ That the Extra Fancy 
grade is to include perfect apples, free from all blemishes, not less 
than 2% inches in diameter for all varieties and of normal color, 
and layered throughout the box. ‘That the Extra Choice is to in-» 
clude apples of not less than 214 inches in diameter and containing 
no worm holes and layered throughout the box. ‘That the Stand- 
ard grade be left to the discretion of the respective shippers.’”’ ‘The 
Standard grade as packed by one of the leading fruit growers’ as- 
sociations of the State is as follows: “Pack in this grade all ap- 
ples lacking in color or shape and pack nothing less than 2% inches 
in any variety. One small worm hole in side or end is allowed, but 
no more. If a worm hole is surrounded by a large discoloration. 
cull the apple. Leaf-rubbed or limb-scarred fruit, or fruit having 
two or three worm-stings is admissible.” 

It will be seen from the above rules that great care must be 
taken in the handling of the standard varieties of our apples, and 
in tending the orchard, to maintain a high grade of fruit. Among 
other things, careful attention must be given to the pruning, thin- 
ning, spraying, fertilizing, cultivating and irrigating. All of these 
are important factors in the management of an orchard; and, par- 
ticularly with the Winesap, thinning should rank high among the 
requirements for best results. While every orchardist wishes to 
get the best possible yield for the season, at the same time it is 
better to have an average yield every season than a heavy crop one 
season and nothing the next. It is not claimed that thinning alone 
will attain this end, but there is no doubt that it will play an im- 
‘portant part in doing so. If a tree will show a marked gain in 
value received from only one year’s thinning, then it is important 
that the operation be continued. 

In this bulletin the thinning of the Winesap will be discussed 
‘more fully than that of any other variety. A block of Winesaps 
-and Jonathans was secured for a thinning experiment, in Mr. A. 1. 
Robert’s orchard at Paonia, Colorado. ‘The Winesaps were about 
thirteen years old, set in rows running north and south, with the 
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trees 16 by 32 feet apart. ‘he Winesaps in the rows alternated 
with fillers mostly of Missouri Pippins and Wagners and a few 
Jonathan apple and Elberta peach trees. ‘This orchard has a very 
good soil for fruit trees and the Winesaps are of good size for their 
age. 

TIME OF THINNING. 

Ten trees were selected that had from a fair to a very heavy 
load of apples which were about three-quarters of an inch in di- 
ameter. Six of these trees were thinned on June 16th, 17th and 
2oth. This was done just as soon after the ‘June drop” as it was 
possible to tell what fruit would stick. ‘The earlier in the season 
after the “June drop” that thinning of the Winesap can be done, 
the better it will be for the tree and remaining apples. 

The mid-summer thinning was done on July 22nd. Only two 
trees were thinned, and although the per cent. of the better grades 
was as good as from the June thinned trees, it might not have held 
good if more trees had been thinned at that time. The extra 
amount of plant food that is utilized by the apples which remain on 
an early thinned tree, after part of them have been taken off, in- 
duces a growth that could not be made by the same number of ap- 
ples left on a tree after thinning late in the season. This is one of 
the chief reasons why thinning of apples should be done just as 
early as possible. ‘There have been various attempts to thin the 
bloom instead of the apples, after they have set, but at present no 
method has been devised whereby this can be successfully done. 
This would be hard to do, and undesirable, where killing spring 
frosts are liable to occur. 

THINNING WINESAP—SEASON IQIC. 


oe Se ‘ : Total No, Ap- | Total No. 
Tuaned of| "“Hicking Time’ ** | Ples Picked | Borne Per 
Tree Thinning 
No. : Distance 
Date | No. | Date | Before ea bee eos Boxes |Apples | Apples in Inches 
1 6—16| 3167 | 10—7| 93 18 TD ZO vo) on gs: 6669 About 10 
except in 
top 
2 6—16} 2550 | 10—7| 76 47 Miler loom eyes 6199 6 to 8 
3 6—17} 2150 | 10—7} 101 4 5 | 18 3134 5389 8 
4 6—17| 1000 | 10—8| 48 i Prk | ere) 1908 2968 10 to 12 
5 6—17| 1980 | 10—8| 58 40 .5 | 14 2155 4233 About 8 
6 $—20] 3250 | 10—8] 52 43 .5 | 14 2036 5381 10 
uf 7--22| 2033 | 10—8]| 40 15 oe) is 1711 3799 8 to 10 
8 7—22| 3060 | 10—8]} 75 Ais 5 | 14 2371 5527 6 to8 
Check Not 
Wat coe | ee oe 10—10) 246 133 TEZ5 G26) 6293 6672 Thinned 
Check Not 
est rat ns ose 10—10} 312 _ 71 1.25 |-16 3249 3632 Thinned 


RECORD IN 


PACKING HOUSE. 


(NO WINDFALLS TAKEN TO PACKING HOUSE.) 


PACKED OUT BOXES GRADED 
Tree _No. Total Boxes 
NG! Picking Three Four Culls with 
Boxes Ex. F.| Ex. C.| Standard| Grades Culls Grades Windfalls 
Total Total 
1 PAVASE ANA co he |e) 5 15.5 62 16.12 1.12 
2 PAUSE I PP aAWAM Rileie) 4.5 18.12 5) 18.87 1.25 
3 18 4 5.29 3.66 12). 91 1.66 14.57 2.16 
4 10 2 T-33 4 7.33 209 7.66 -63 
5 14 3 3.66 3 9.66 “oD 10.16 1 
6 14 GuONliye 1.87 10.37 D 10.87 1 
7 12 Spook 1 12 7.62 ‘id 8:12 AS) 
8 14 We} ili 2.9 11.42 5) Wk 92 1 
Check 
1 26 2 0 12 14 6 20 teas 
Check 
Z 16 3 2 6 11 1.66 12.66 2:94 


THE PER CENT. PACKED OUT FOR I EACH TRE i FOR THE FOUR GRADES. 


im Packing putes Not Counting 


Grand Total Sy Pasied Out Hanes and Per 


Windfalls Cent. for Each Tree, Counting all Windfalls 
Aree Four Per Cent. Packed Out in Wind- Per Cent. for Kach Tree 
De Grades Different Grades falls— | Total 
Bocas Ex. F @/Ex. C%|Stand.%! Culls% a, Boxes lx. F¢Ex. C #Stand.4| Culls % 
1 |16.12 46.21 |18.61 |31.01 | 3.84 O62 62) 4512 18.05; (SOs08. 6. coos 
2 {18.87 137.73 |34.44 |23.84 | 3.97 POM LOLS LT IS6c0 Falsocoa! (2o62o. 1) Ona 
3 114.57 |27.45 |36.03 |25.12 |11.39 -5 {15.07 |26.54 |34.84 |24.29 |14.33 
4 7366 32631 (117.36 152.21 |°403 ae) TIO 25512106; 71150255 Ok 
5 |10.16 |29.43 |36.02 |29.43 | 4.92 .5 {10.66 |28.07 |34.35 |28.07 | 9.40 
6 |10.87 |59.79 |18.39 |17.2 4.59 -5 {11.37 |57.17 |17.59 |16.44 | 8.80 
7 8 12 |67.73 |12.31 |13.79 | 6.15 .25 | 8.37 |65.71 {11.94 |13.38 | 8.96 
8 |11.92 159.73 115.1 |20.97 | 4.19 +5 |12.42 157.33 |14.50 |20.13 | 8.05 
Check 
1 |20 Melt lasaPavl 60 30 TG PA5) | ANAS on RS ee a NBR tes 56.47 |34.12 
Check 
2 |12.66 |26.69 |15.79 |47.39 |13.11 | 1.25 |13.91 |21.56 |14.38 |43.13 20.83 
AVERAGES. 
Average No. Packed Out Boxes to Tree 
|| Average No. Picking 
Boxes toTres |i. | rex. c | stana[Zotel’ | Gots | etal 
Phinned: se52 5% =. 15.08 5. 344103.075 |) 320. 106k | LID are 
eight trees 
Unthinned _____ HRs) (da) 1 9 WACK) 5.8 {17.58 
two trees \ 
OR IN PER CENT. 
Average % of Packed Out Boxes to Tree 
in Different Grades 
Soo rks nace ame a rue Boxer 
imine dese ee eee A NAT OQ IZA IAI25 15 |OL 27) | Sn oae ete 
MUmthimmed eee ses) 22 25114 )22'| 5269 [51.19 |71.10 128.89: /17.58 
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DISCUSSION OF TABLES. 


Windfalls—In figuring the total per cent. of the different 
grades borne by each tree, the thinned off apples were not counted. 
The windfalls were all counted as culls, for it is a well known fact 
{that when an apple falls to the ground, from any cause, it generally 
bruises so that it has to be thrown into the cull box. 

It will be seen that the average number of windfalls per tree 
before picking, was 68 apples for the thinned and 279 apples for 
the unthinned trees. The average number of apples which fell to 
the ground while picking was 25 from the thinned, and 102 from 
the checks or unthinned trees. The total average number of ap- 
ples which fell to the ground was 93 from the thinned trees and 
381 from the unthinned, making about four times as many fallen 
apples per tree for the checks or unthinned, as for the thinned trees. 
The number of apples which fell while picking was 77 less per tree 
for the thinned trees than for the unthinned. When the apples are 
in clusters at picking time, it is impossible to keep from dropping 
some on the ground, and the more clusters there are the greater 
will be the number that fall. The figures show there were about 
four times as many apples dropped from the unthinned as’ from 
the thinned trees. 


Culls—Apples which come under this head were those less 
than 2% inches in diameter, those badly bruised or scarred, and 
those very wormy. In connection with this it might be well to 
state that the Winesaps in the experiment were from 5 to 7 per cent. 
wormy. ‘This worminess had some effect on the per cent. of boxes 
packed in the different grades, and as the unthinned fruit was more 
wormy, because of the clusters affording favorable places for the 
young codling moth larvae to gain an entrance to the fruit, the 
number of culls due to codling moth, would be proportionately 
greater from the unthinned trees. 

Many of the apples “culled’’ were those that were limb- 
bruised because of their rubbing against some limb. ‘Those apples 
growing on the terminals of long, slender branches were often bad- 
ly limb-bruised, caused by being knocked about in the wind. Proper 
pruning and thinning does away largely with these abrasions. 

Thinning Distance-—TYo thin the fruit on a tree and leave the 
apples a definite distance apart is a difficult matter. A keen eye and 
experience are required for the best results. One may think that 
he is taking off too many apples, or whatever fruit he is thinning, 
and that he is ruining his crop, but at picking time he generally 
wishes that he had taken off more. A good motto to go by in thin- 
ning is: “Look up, not down.” In other words, pay no attention 
to the apples on the ground, but be sure that every branch is thinned 
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to such an extent that it will not only be able to properly sup- 
port a load of mature fruit, but will also be able to grow it to 
proper size and color. Because one side of a tree is light and the 
other side heavy with fruit is no reason why the heavy side should 
not be thinned. The physiology of a tree is such that the food sup- 
ply for one side or part of it, is largely independent of the other 
parts. For example, one side or part of a tree may be dead because 
of the death of the roots which fed that part of the tree. ‘This is 
perhaps more often true of old trees than of young ones. 

It may be seen from the table that the apples of tree No. 1 
were thinned to about 10 inches, except in the top, and it was due 
to this fact that the small apples were found in that portion of the 
tree. Because it was hard to tell exactly the distance that the fruit 
was thinned on each tree, the distances given are more or less es- 
timated. 

A study of the individual tree is necessary in order that one 
may be able to thin it in such a manner as to get the best results. 
Trees of the same variety and age, may vary in their productive- 
ness in the same orchard, and for this reason it is a good plan to 
study each tree for several seasons to be able to ascertain its wants 
and requirements. In averaging the total number of apples borne 
by each tree, it will be seen that this average is about the same for 
the thinned as for the checks or unthinned trees. ‘These average 
totals are 5,021 apples for the trees that were thinned, and 5,152 
apples for the checks or unthinned trees. ‘These averages per tree 
include all of the apples that were set at thinning time. 

The average per tree for the number of apples at picking time, 
including all windfalls, was for the thinned 2,622, and for the un- 
thinned or checks 5,152 apples. From these figures it may be seen 
that about one-half of the apples were removed from thinned trees. 
The average estimated distance apart of all apples on thinned trees 
was 834 inches. In examining the apples at picking time, it was 
found that as a rule, better apples, in regard to size and color, 
were found on limbs where they had been thinned to about 10 
inches. It is believed that the very best results from thinning old, 
heavy bearing Winesap trees, would be obtained by thinning the 
apples uniformly to a distance of from 9 to 10 inches as soon as 
possible after the “June drop.” 

Cost of Thinning —-In this experiment an average of about 
750 apples per hour were thinned from the trees. ‘This would make 
7,500 apples for a day of ten hours. Counting 2,400 apples to be 
thinned from a tree, one man would thin 3% trees per day. The 
cost of thinning a tree, allowing two dollars a day for a man’s 
wages, would be 64 cents. An expert thinner who could take off 
1,000 apples an hour would cut this cost down to 48 cents per tree. 


8 Trex CoLorRADO EXPERIMENT STATION. 


DOKS THINNING PAY? 


It often happens that the fruit grower does not like to do a 
thing unless he is sure that he will get quick returns for his labor. 
He so often does not iook far enough into the future to regulate 
and manage certain factors over wiih he may have control that 
would insure future returns which would more than pay for any 
extra effort that he might put forth: From this standpoint it is 
necessary to consider other phases than that of ‘the net returns of 
a single year, to tell whether or not thinning pays. These may be 
stated as follows: 

1. Maintaining *the vigor of the trees. 2. Securing annual 
crops instead of alternate. 3. T’o be able to produce fruit of maxi- 
mum size, color and quality. 

Maintaining the Vigor—This is a very important factor, for 
any fruit tree when injured or impaired in any manner, will not 
be able so successfully to resist insect, fungus and freezing effects. 

Thinning annually and uniformly will have much to do in pre- 
serving this vitality. Whenever the question is asked an orchardist, 
“Why is it that this apparently healthy apple tree is not bearing 
this year?” the chances are that he will answer, either that the fruit 
or bloom was killed by frost, or that it overbore the year before. 
It is noticeable, in this connection, that a tree with a heavy bloom 
will go through the average spring frost with little damage to the 
crop. 

There is no doubt that the orchardist is right when he claims 
that overbearing one vear will cause “shy” blooming the next with 
some varieties of apples, stich as the Jonathan for instance, and the 
writer has seen the Ben Davis affected in the same way. The Wine- 
sap, as a rule, is not a “shy” bloomer, and overbearing may weaken 
the vitality, causing the tree to grow small, inferior apples, some of 
which never properly ripen. 

The breaking down of limbs is the result of overbearing and 
can only be avoided by either propping or pruning and thinning. 
We firmly belicve that props have no place in an orchard and when 
used are only a sign of very poor orchard management. ‘There is 
no doubt that pruning has a very important place in orchard man- 
agement and should not, by any means, be neglected. Especially is 
this true for the young trees. If a tree is properly pruned every 
year from the time it is set out, the amount of pruning can be de- 
creased somewhat in proportion to the size of the tree when it has 
become full-grown. The word full-grown is used more or less ar- 
bitrarily, but generally conveys the idea that the tree is capable of 
bearing a full crop. Some think that every apple tree can be thinned 


*H, R. Bennett, Storrs, Conn. Experiment Station Report, 1903. 
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enough with the pruning shears in the winter time, thereby doing 
away with the necessity of thinning by hand in the summer. These 
people forget that the plant food that goes to make and mature the 
apple is manufactured by the leaves and not by the roots of the tree. 
Keep a tree defoliated in the summer for any length of time and you 
will kill it. It is not best to obtain all of the leaf surface possible, as 
would be the case with an unpruned tree, for this would mean wood 
growth at the expense of fruit, and a greater amount of hand thin- 
ning. There would also be too much shade for the fruit and a poor 
color would be the result. A well balanced and well cared for tree, 
bearing a good crop of uniform sized apples every year will retain 
its vigor, while a tree allowed to bear an enormous crop one year 
and none the next may suffer the consequences of over production. 

Securing Annual Crops Instead of Alternate-—A tree will pro- 
duce quantity at the expense of quality, and at the same time utilize 
plant food that should be used in making the fruit buds for the 
next year’s bloom. ‘The law of nature is to reproduce its kind and 
it tends to do it even at the exnense of the welfare of the tree. An- 
nual thinning tends to throw a tree into annual bearing. When a 
tree has been in the habit of bearing alternate crops, it may take 
some time to induce it to bear every year by thinning. It has been 
demonstrated in the orchard where this experiment was carried on 
that by annual thinning the Jonathan can be made to bloom well 
every year. 

Fruit of Maximum Size, Color and Quality—The total av- 
erages. as given in the table found in the different grades, illustrates 
the points of size and color, for apples have to be of a certain size 
and a certain color to be packed in the first two grades. The fol- 
lowing table illustrates the comparative values of the different 
grades. The culls were selling at the cannery and evaporator at $7 
per ton, or the equal of $o0.175 per fifty-pound box. 


wats | at hop. | arto es | Sat sous | thinoing 
Thinned .._-- 5.34-$9.35 | 3.07-$4.61 | 3.2 -$2.72 | 1.11-0.19 | $0.64 
Unthinned .___| 2.5 -$4.38 | 1 $1.50] 9. -$7.65 | 5.08*$0.89 |___. ----___- 
pbhinned. __ 2... Gain=$4.97 | Gain=$3.11 | Loss=$4.93 | Loss=$0.70 | Loss=$0.64 


$8 08—$#6 23-$1.85, total gain per tree. 


When trees are set 16x32 feet, there are 85 to the acre. A 
gain of $1.85 per tree would make a total gain of $157.25 to the 
acre. 
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This seems strong evidence that thinning the Winesap gives 
large returns for time and labor expended. ‘The above figures are 
conservative in at least two respects: Ist. Many of the windfalls 
which were counted as culls could never have been sold tor any 
purpose; especially was this true of the early dropped windfalls. 
Also there is much doubt as to whether the amount received for the 
culls would have paid for the extra labor required in picking, haul- 
ing and sorting. 2nd. The extra amount of time that it took to 
grade the apples from the unthinned trees for packing was consid- 
erable. ‘hese two expenses would alone almost offset the cost of 
thinning. 

Uniformity of size was very characteristic of the apples from 
the thinned trees, while the apples from the unthinned ones were 
of all sizes. (See Fig. 1.) 

Better colored fruit was always found on the thinned trees 
than on the unthinned, due largely to the fact that the fruit on the 
unthinned trees was crowded and consequently more or less shaded. 

The lessened percentage of wormy apples, due to picking ancl 
destroying the apples infested by the first brood of worms, would 
probably be a saving sufficient to largely bear the expense of thin- 
ning. 

TOW TO THIN, 


Study each tree individually and thin so that at picking time 
the tree will hold up well under a load of uniform, good sized and 
well colored apples. It takes experience and study to get the very 
best results from thinning. 

The experiment indicates that best results in thinning the 
Winesap can be attained when the apples are thinned to a distance 
of from nine to ten inches. It is well to commence at the top of the 
tree and work down. Perhaps, if there is any difference in distance 
to be made, it would be better to thin the apples on the lower limbs 
next to the trunk of the tree a little farther apart on account of 
there being more shade in this part of a tree. Although some shade 
is a good thing, as it prevents sun-scalded fruit, it is possible to 
have too much. 

A very good type ot thinning shears is shown on the front 
cover page. ‘Thinning is much more easily done with this instru- 
ment than by hand. (Fig. 2 shows how a small branch with a heavy 
load should be thinned. ) 

Take off all terminal apples on long, slender branches and 
break all doubles. ‘Take off all wormy appies and ali those that are 
much smaller than the average. ‘Take off all limb-bruised or badly 
frost marked apples, and also those that are liable to hecome limb- 
bruised as they grow in size. Leave the apples in singles and in 
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such a position that they can have the best chance to grow in size, 
color and uniformity, and be as free as possible from blemish. 
There is another phase of thinning that would help, and that 
is the cutting out of every other tree in rows that have the trees so 
close together that they are crowding each other. ‘Trees, when 
crowded, are bound to grow upward rather than outward, and if 
left alone will, in a little while, have most of their fruit bearing 
wood in the tops. ‘This is truer of peaches, perhaps. than of ap- 
ples, nevertheless apple trees when crowded cannot do as well as 


Figure 2. A three-foot branch before and after thinning. 


when they have plenty of room. For this reason it is necessary to 
cut out every other tree in the row, or the alternates in every row, 
this depending on the way and the distance the trees are set. 
CONCLUSIONS. 
1. ‘That thinning of the mature Winesap tree pays in money 
returns the first year. 
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2. The more evenly distributed the fruit on the tree the more 
uniform will be the size and color of the pack. 

3. ‘That Winesaps respond to thinning by increased size anc 
better color when thinned as late as July 20. 

4. ‘The earlier that thinning can be done. the better will be the 
returns from the fruit sold and the greater will be the vitality of 
the tree. 

5. The best results are attained in thinning an old Winesap 
tree, by leaving the apples from 9 to 10 inches apart. 

6. That proper pruning, and keeping the trees a proper dis- 
tance from each other will facilitate thinning. 

7. That systematic, annual, uniform thinning done from the 
time the trees come into bearing, should have much to do in secur- 
ing an annual crop, thereby doing away with the ‘so-called “ott 
year” bearing of some of the apple varieties. 


WINTER AND FROST INJURIES OF FRUIT TREES 

The object of the following discussion is to define as nearly as 
possible the different effects ot freezing temperatures upon fruit 
trees and also to show that these effects often cause the death of 
fruit trees in Colorado. ‘The subject divides itself into the follow- 
ing heads, namely: winter iniury of young trees; winter injury o7 
old trees; and spring frost injuries. In this bulletin, injury to peach 
and apple trees only will be discussed. 

WINTER INJURY OF YOUNG TREES. 

This divides itself into two heads, injury done to young apple 
trees, and that done to young peach trees. Young apple trees are 
injured for the most part, by freezing at the ground line, and by 
sun scalding on the trunks. Injury to young apple trees at the 
ground line is often caused by very low temperatures, resulting in 
perpendicular cracks which extend on the trunk fromthe ground 
line, or just below, upwards to a distance of an inch, or sometimes 
more. ‘There may be from one to five cracks depending upon the 
severity of the freeze. In some varieties, such as the Rome Beauty 
for instance, it is often found that the bark bridges up between these 
cracks, cattsing a complete girdling of the trees, which often kills 
the tree. In most varieties, such as Jonathan and Winesap, the tree 
generally has strength enough to heal these wounds over so that 
in a few years they are hardly noticeable. In those cases where 
there is danger of killing the tree, it would be a good thing to fil! 
the cracks with wax, or it might be of value to heap damp earth 
around the base of such a tree. If very bad cracks (Fig. 1) were 
found and taken in time, it might be possible to save the tree by 
bridge grafting. 
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Fie. 1. Cracks at base of Rome 
Beauty caused by winter freezing. 
Fic. 2. Winter injury by sun 
scald on southwest side of Wine- 
sap. The affected portion is cut out 


In Fig. 2 there will be seen a case of 
sun scald. ‘This sun scald generally takes 
place on the southwest side of the tree 
and, if severe enough, will work around, 
completely girdling the tree. On young 
apple trees sun scald is more frequent in 
winter than it is in summer. Especially 
is this true when the ground is covered 
with snow so that the sun’s rays are re- 
flected onto the trunks. It is very likely 
that sunny days and freezing tempera- 
tures at night have much to do with sun 
scald. ‘The injury takes place, as a rule, 
from the snow line up to the scaffold 
limbs. In some cases it will be found to 
extend up on the scaffold limbs, but this 
latter condition is not so frequent. Pre- 
vention of sun scald is better than any 
remedy that could be prescribed for the 
trouble, although in severe cases it may 
be well to bridge graft. Whenever it is 
possible, it is better to use other methods 
than bridge grafting in Colorado, as our 
climate is so dry that it is very hard to 
keep the scions from drying out. E’spe- 
cially is this true when scions of any 
length have to be used. The fact that, 
as a rule, but little sun scald bark is 
found on the scaffold limbs, is one reason 
at least why low headed trees are prac- 
tical. If by some method the ground 


could be left in such shape in the fall of 


the year as to prevent snow from lying 
in a level plane for any length of time, 
it might do much toward preventing sun 
scald of young trees. In localities where 
it is quite sure that the snow fall will be 
great enough to insure plenty of moist- 
ure, it might be well to leave the plowed 
ground in the fall in a rough state. ‘This 
would do much to break the snow line. If 


a green shade crop were plowed under in the fall, this would help in 
the same way. In those places where the young orchards are both- 
ered by rabbits, a wire netting extending from the ground !ine to 


14 Tue CoLoraApo EXPERIMENT STATION. 


the scaffold limbs of the tree would not only keep rabbits from 
gnawing . but would also do much toward breaking the direct and 
reflected sun rays on the trunks. Wood veneering will answer the 
same purpose here as wire netting. Never use tar paper, as it not 
only concentrates the rays of the sun, but has an injurious effect 
upon the trunks, and in some cases the writer has seen death caused 
by its use. 

It seems that the darker the bark the more liable it is to in- 
juries from sun scald. Whitewashing the trunks of the trees is a 
very good practice and one that can be used on old trees as well as 
young. A very good whitewash is the California formula, which 
is as follows: 


FEES £46151) an Deters MlnCac S. 30 pounds 
a eae ea eae 4. pounds 
| cS rere ENT eet 5 pounds 
Water... .enough to make mixture flow well 


Prof. W. Paddock says that this makes a tenacious whitewash 
not easily washed off by rains or removed by other means. 

If whitewash is to be applied to the trunks of old trees in the 
winter time, it is a good thing first to remove all the old, rough 
bark. In this way many of the injurious insects that are hibernat- 
ing over winter under this bark will be killed. A rough rasp or file 
is a very good implement to use in removing the old bark. 


In peach orchard districts, where the temperature sometimes 
falls from 15 to 24 degrees below zero, there is more or less danger 
of damage being done to peach trees. Especially is this true when 
the trees are young and the temperature remains low for any length 
of time. It is sometimes very hard to tell whether considerable 
dainage has been done to trees or not, until late winter, or some- 
times it is the first of May before one can be sure whether the trees 
have withstood the rigorous weather. Perhaps, for peaches, the 
most common injury is that of killing the fruit huds. But this is 
not to be dreaded as much as freezing at the crown or ground line, 
which causes the so-called “collar girdle.” Another form of freez- 
ing is that beginning at the terminals on the one-year wood and 
freezing back onto the older wood. ‘This latter form is perhaps 
more common on older trees than young ones. 


For the reason that it is almost impossible to tell the extent of 
the damage done by freezing until early summer, it is often a good 
plan to delay pruning until about the first of May. It must be un- 
derstood that this is when the trees have undergone a severe win- 
ter. In other cases perhaps it is better to prune when a tree is dor- 
mant, although this is disputed by some of our best orchardists. At 
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any rate, when severe freezing of the wood has taken place, it is 
well to wait until the buds have started so that one will know where 
to prune. Even then peach trees may be so injured as to live 
months, or in some cases a year or two before dying from the ef- 
fects of freezing. The so-called “collar girdle’ seems to be one 
that does not show until some time after the freezing has taken 
place. Trees injured by freezing very often need to be severely cut 
back. A peach tree will stand a heavier heading back than the apple 
and for this reason can be pruned.very severely, so that it will have 
a chance to put forth a new growth which, when properly pruned, 
can take the place of the old head. 

One of the very important things to watch in connection with 
both young apple and peach trees is that of irrigation. It is a very 
good plan to get all of the growth possible during the early part of 
the growing season, so that the trees may have a chance to harden 
off during late summer. In order to do this a young orchard should 
never be irrigated later than the first of August, and in many cases 
it would be better if the last summer irrigation took place not later 
than July 15th, the time varying somewhat with location, kind oi 
soil, etc. Then, if no moisture comes in the latter part of October 
or first of November, it is a good thing to irrigate. If the trees are 
not properly ripened or hardened off there is much danger that they 
will be killed back more or less by the first fall freeze. ‘The writer 
has seen cases of young peach trees where the terminals were killed 
back for several inches as early as the middle of October. This was 
in an orchard where the irrigation was kept up until some time in 
September. The orchardist’s object was to mature a crop of corn 
that he was raising between the peach tree rows. Py spring every 
peach tree in this orchard was killed to the ground. It often hap- 
pens that a peach tree has enough vitality and plant food in the 
trunk and limbs to leaf out and may even bloom, and at the same 
time it may be so injured by freezing as to be girdled somewhere 
on the trunk so that in a little while the whole tree dies. 

In the case of young apple trees, where the top is frozen back 
to the trunk, or where the trunk is injured by sun scald and freez- 
ing, it is sometimes possible to insert a scion by the cleft or kerf 
method and thus growing a new top. in top working of this kind 
be sure that the top is cut off below the injured portion ,v. ¢., have 
the stock of good, sound wood. It is often possible to top work a 
young tree in this manner so that a single year’s growth would al- 
most equal that which was killed. In a case like this, where a tree 
has a well established root system, it does not take jong to form a 
xood top, but one must be careful about letting it grow too late in 
the season, as growth like this takes more time to harden off than 
when slower growth is made. In young trees which have under- 
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gone severe winters, it is often possible to find the sap wood dis- 
colored, generally due to freezing and in some cases traceable by 
the annual rings to the year of the injury. 


WINTER INJURY OF THE OLD TREES. 


One form of freezing found on the old, and sometimes young 
apple trees, is due to “freezing dry.” ‘This is thought to result 
from perhaps two causes. one being lack of moisture in the soil, 
and the other a deeply frozen condition, stopping all root action. 

Transpiration, or the loss of water from the limbs and twigs of 
the tree, goes on in winter as well as in summe1. Whenever either 
or both of the conditions mentioned above exist for any length of 
time, the results are detrimental to the tree and, if severe enough, 
may cause death. For this reason it is necessary to irrigate in late 
fall or early winter. As a rule, the first of November is a desirable 
time to do this, as it very seldom happens that the soil around the 
roots freezes enough to do any damage unless the trees are shallow 
rooted. In this case root freezing might prove to be detrimental. 
The above statements will hold tor the peach as well as for the 
apple. 

There is another form of winter injury to old apple trees that 
is often found and which, in some cases, is hard to distinguish from 
injuries due to arsenical poisoning. The distinguishing features 
are that the injury for the most part is at the crown or ground line 
primarily and seldom runs down into the root system. The roots. 
of course, may be affected from this injury, but in such cases the 
injury would be secondary. The injury takes place in the form ot 
a partial or complete girdling at the ground line. ‘The bark peels 
off in rough pieces and generally in one spot only. It may extend 
up to the trunk of the tree for severai inches. It depends upon the 
size of this affected spot whether the injury will prove fatal to the 
tree or not. In cases of arsenical poisoning the bark becomes cor- 
roded to a mealy mass in which the tissues are broken down and 
may be scraped off from the wood, while with winter injury the 
bark remains intact and separates at the cambium. ‘The writer has 
seen cases where fifteen year old Ben Davis trees were killed by 
this crown line injury. .\ttempts were made to save the trees by 
bridge grafting, but as stated before, the scions that had to be used 
were too long, and dried out before adhesion could take place. 
These trees were in such a position that undoubtedly more or less 
ice and snow remained around the bases of them for long periods 
of time. Although in some cases it would appear that ice around 
the base of a tree had no detrimental effect, it is not well to allow 
this, as one can never tell when the conditions are just right for 
damage to be done. In the tall irrigation it is well to keep the 
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water in the irrigation furrows and not let it collect around the 
pases of the trees and freeze. Perhaps there is no harm in allow- 
ing it to freeze in the furrow. 

The worst injury to old peach trees, other than that of killing 
them outright, is that of killing the fruit buds. For this reason it 
is a good plan to delay pruning until one is sure what buds are 
alive and what are dead. But if this is kept up for any number of 
years the chances are that the fruit bearing wood will be in the top 
of the tree and will eventually necessitate a severe heading in, 


SPRING FROST INJURIES. 


Perhaps there is no injury due to freezing temperatures which 
ives stich immediate results as that of killing frosts in the spring. 
This too, may have its effect throughout the growing season, but 
the primary effect is that of a total or partial killing of the bloom, 
and sometimes that of the set fruit, in the spring. It is not the object 
n this bulletin to discuss the protection oi the orchard from frost. 
xcept in a general way. 

Some Effects of Frost on the Fruit and Leaves——Frost may 
ye severe enough to cause only a partial failure of a crop, and when 
this is the case there is always more or less of the injury seen 
throughout the season. ‘The most common of these are frost marks 
consisting of russety patches at both the stem and blossom ends, or 
in some cases russet bands around the fruit. ‘These russet bands 
are often seen on the pear. One forni of injury, thought to be due 
o freezing, not often seen, is that of small round russet spots on 
the surface, which may be in almost any position on the fruit. This 
aas been seen on the Northwest Gieening and was supposed at 
irst to be due to spray injury, hut upon investigation it was thought 
to be due to frost injury when the apples were small. It often hap- 
pens that apples and pears are so injured as to have no seed. An- 
other form of injury to the fruit is that of freezing a part or all 
of the calyx end, causing the truit to be deformed. In this latter 
case the injury generally takes place after the fruit has been poi- 
inated and has set. 

The early leaves are often iniured by frost and the effects are 
hat they never grow much larger in size than they were at the time 
of freezing. ‘They may turn yellow and drop during the early sea- 
son, or they may still hang to the trees, but if they do, they become 
nuch thickened, somewhat shriveled, and turn yellow much quicker 
han the uninjured leaves. As a rule, if the frost is not too late, 
he damage done to the leaves is not enough to cause any alarm. 
In some severe cases where most of the leaves are out and all are 
njured to such an extent as to cause them to drop, there might be 
ome detrimental effects. But, as a rule, the tree will soon throw 
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out new leaves which will take the place of the injured ones 

Prevention of Frost Injuries in General.—As this is a subject 
that would require a bulletin to be satisfactorily handled, we will 
give only some of the most important features concerning orchard 
heating. The following conclusions were drawn after consulting 
over forty of the leading orchardists of the State who had used 
orchard heaters: 

1. The fact that every orchardist, who had been interviewed 
upon this subject, claimed that the orchard heater is a good invest- 
ment as an assurance in the fighting of frost, indicates that the 
orchard heater has come to stay. 

2. ‘The oil heater is usually preferred over the coal, when 
more than five acres are to be heated, because of its more econom- 
ical maintenance. 

3. On cold, windy nights orchards with low headed trees 
receive more benefit from the heaters than high headed ones. 

4. Good thermometers well tested should be in the orchard 
as well as on the outside. 

5. Careful study of the stage of growth of the fruit buds 
should be made to ascertain their hardihood against frost injuries. 

In regard to the stage of growth of the fruit buds, bloom and 
set fruit of peaches and apples, as compared to their pee to 
frost, the following opinions are given: Prof. W. Howard 
*states that in Missouri fully dormant peach buds can Berar 8 or 
o degrees below zero. When appreciably swollen, zero is the dan- 
ger point. When the buds are showing the pink, they can stand 15 
degrees above zero. When the petals are off they stand 30 degrees 
above zero. For apples, when the petals begin to show, they can 
possibly stand a temperature of from 20 to 22 degrees above zero. 
From this stage on their resistance to cold becomes less and less as 
growth progresses. 

Prof. P. J. O’Gara fstates that, in the Pacific Northwest, 
peaches in bud are injured by a temperature of 29 degrees F.; in 
blossom by 30 degrees, and set fruit hy 30 degree F. Apples in 
bud are injured by a temperature of 27 degrees: in blossom by 29, 
and set fruit by 30 degrees F. 

Prof. O. B. Whipple tfound that it is doubtful if, in Colorado, 
a temperature of 30 degrees F. will injure fruit or buds, in any 
stage of growth. That a temperature of 28 degrees, if of long 
enough duration to freeze the tissues solid, will kill peaches in 


*Reprint from the Annual Report of the Missouri State Board of 
Horticulture, 1909. 

+Farmers’ Bulletin No. 401, U. S. Dept. Agr. 

t{Fruit Growing in Arid Regions, by Paddock and Whipple. p. 353. 
The MacMillan Company, 
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bloom or after the peaches have set. That after the peaches have 
1eached some size they will stand a lower temperature for a short 
period of time. Peach trees well loaded with buds which show 
slight traces of pink, have often escaped with a good crop with a 
minimum temperature of 22 degrees. Fruit buds of apple and pear 
open far enough to show the flower tips, are seriously injured by 
temperatures lower than 20 degrees. When they are far enough 
advanced to show the color at the tips, they are generally only 
slightly injured by temperatures as low as 25 degrees. When in. 
bloom and after the fruit is set, they will seldom stand temperatures 
lower than 28 degrees. Cherries, apricots, and most of the plums, 
will require about the same protection as peaches. Native plums in 
bloom or with fruit set will often stand a temperature of 25 degrees. 

It will be seen from the foregoing that the danger point in 
temperature varies jor the different fruit sections and for the dit- 
ferent kinds of fruit. It may also vary in the same locality for 
different years and several years’ observations will be necessary in 
order to get full data on all the conditions that have to do with re- 
sistance of freezing temperatures. 

Careful study of the weather conditions should be made when 
orchard heaters are used. Some money can be made in the saving 
of fuel by starting and putting out the fires at the proper time. Oil 
heaters when fired can be put out and relighted instantly, while coal 
is very hard to relight. A good plan is to commence lighting the 
heaters when a temperature of 30 degrees is reached. If the tem- 
perature can be kept at 29 degrees or above, as a rule, there will be 
little damage done to the bloom or set fruit. The writer has seen, 
with systematic handling of the heaters, a temperature of around 21 
outside raised to 29 degrees in the orchard. It is thought there is no 
barm done to the trees in the spring from a small amount of oil 
spilled in the orchard, nor from the gases, soot, etc., which come 
from the coal and oil. 
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A good type of Cuthbert raspberry bush. 


THE COLORADO RASPBERRY INDUSTRY 


By R. S. HERRICK AND E. R. BENNETT. 


The raspberry is one of the best known small fruits. In its wild 
state it has been used as food since the beginning of history. This 
fruit belongs to the family of brambles of which there are many 
hundred species. The raspberries of commerce are mostly included in 
three species. These three species are divided between two quite 
distinct types, the reds and blacks. 

The European red raspberry, Rubus Idaeus, is little grown in 
this country. The fruit is similar to the American red raspberry in 
appearance, of better quality, but the plants are less hardy. The 
early attempts at red raspberry culture in this country were largely 
confined to the development of this species but these have never 
succeeded because the sueoes is not adapted to our climatic con- 
ditions. 

The American red raspberry, Rubus strigosus,-is of comparatively 
recent domestication. In the wild state it is found more or less over 
the northern and eastern United States. One variety of this species 
is native in the higher altitudes of the Rocky Mountains. This wild 
raspberry of the mountains is far superior in quality to the domesti- 
cated berry or to the wild berry of the East. Up to the present time 
however nothing has been done to improve or acclimate the berry 
to cultivated conditions. 

The black raspberry, Rubus occidentalis, is ais native to the 
northern and eastern United States. The black raspberry of com- 
merce is practically the same as the wild berries of the fields. This 
species is commercially the most important of the raspberries. 

Another species, Rubus neglectus, is a hybrid of the American red 
and black raspberry. This species is relatively unimportant. It is 
represented by what is known as the purple cane berries. 

The raspberry has reached its greatest commercial importance 
in the northeastern states. This is because the fruit demands a cool 
climate and a loose, moist soil with an abundance of humus. Ina wild 
state both the red and black varieties are found at their best on newly 
cleared timber lands of the eastern and central states. Land from 
which timber has been removed in the East is nearly always first 
occupied by the raspberry brambles. After the surface humus becomes 
more or less exhausted these bushes disappear. 

The great drawback to raspberry growing either in a wild or 
cultivated state is the droughts that are apt to occur at time of ripen- 
ing. For this reason the culture of this fruit has been to a great 
extent confined to those regions of sheltered timber lands and plenti- 
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ful rainfall. The red raspberry seems to be as much at home in the 
burned over timber lands of the high altitudes of Colorado as in 
Michigan; consequently we may conclude that the soils of Colorado 
are as well adapted as in the eastern states. 

Comparatively few diseases attack the raspberry in the dry climate 
of Colorado. The yield and quality of fruit is equal or superior to 
that of the East. 

Raspberry growing has become one of the important industries 
in several districts of Colorado and it gives promise of proving even 
more valuable in the future because the conditions for the best de- 
velopment of fruit may be more readily met on the irrigated lands 
of Colorado than in the uncertain climatic conditions of other parts 
of the country. 


REQUIREMENTS. 


Although the raspberry is one of our fruits that can be raised in 
most any section of the state up to an altitude of ten thousand feet and 
in various kinds of soil, there are certain requirements that, if fol- 
lowed, will insure its success. 

Soils—The native raspberry of the state is found on mountain 
sides where there is a good supply of humus. The cultivated plant 
is grown in soils ranging from a light sandy loam to a heavy clay. 
On investigation it has been found that the earlier fruit is on the 
sandier soils, but the better production comes from those plants grow- 
ing in a heavier soil such as a clay loam. The sub-soil is an import- 
ant matter as regards drainage. The best subsoil would be that 
of gravel or sand. With less impermeable sub-soils the site requires 
more slope to insure proper drainage. The depth of soil that is 
the best for raspberries is more or less an open question. Perhaps 
six or eight inches of good surface soil is deep enough for a short 
lived plantation. There is no doubt but that a soil two or more feet 
in depth is better for raspberries than a shallower one. The more 
humus that the soil contains at the time of planting the better will be 
the result in growth. 


Climate-——The different climatic conditions which exist in the 
state necessitates two distinct methods of handling raspberries. In 
those sections where the temperature falls to several degrees below 
zero and remains there for any length of time it is necessary to cover 
for winter protection. In those sections where the temperature never falls 
to but around zero-it is not necessary to cover either the red or black 
varieties. Then there are other sections where the red varieties have 
to be covered and the black do not need winter protection. As far 
as climate is concerned raspberries will stand the most rigorous 
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climatic conditions of any of our fruits, if covered for winter pro- 
tection. 

_ Moisture—The raspberry requires a medium amount. of moisture 
for its best growth except during the fruiting stage, at which time it 
requires a maximum amount. For the most part it is not practicable 
to raise raspberries in Colorado without irrigation. It might be pos- 
sible to grow them in certain sections where the rainfall is plentiful 
as compared to the state’s average rainfall but it is doubtful whether 
or not in those sections there would be moisture enough to insure prop- 
er growth during the fruiting season. 

If one intends to go into the raspberry business it would be well 
to select a location where a favorable market could be had quite near 
at hand. Careful selection of the site is necessary as regards climatic 
conditions, depth and kind of soil, amount of moisture to be had, etc. 
A southern slope may be warmer during the winter but it may also dry 
out quicker, and this is quite an important factor for all fruits. 


PREPARATION OF THE FuTURE RASPBERRY PLANTATION. 


When a fruit plantation of any kind is to be planted on new land 
it is well at first to get it into the best possible condition. In order to 
insure the best results it is important that the seed bed be properly 
made before setting out the plants. Not infrequently fruits of various 
kinds are set in raw land that has never been plowed except in the rows 
where the plants were set. In such cases the plants often grow in a 
stunted way and never acquire the vigor that they should attain. 

One of the best crops for growing on raw land is alfalfa. If 
alfalfa has made a good growth it may be plowed under the second fall 
and if the soil is poor in humus it would be well to plow under the 
last cutting. This will do much in bettering the physical condition 
of raw soil. 

It is well to follow the alfalfa with a hoed crop of some kind, 
such as potatoes, corn, etc. This will help to do away with the weeds 
and leave the soil in fine condition for planting. 

Another reason why land should be cropped before’ setting out 
raspberries is that when raw land is first irrigated it most always 
settles more or less in spots. As irrigation is necessary year after year, 
it is important that the land has the right slope and has a comparative- 
ly smooth surface. The writer knows of no way by which this can 
be accomplished better than by cropping the land, for two and in some 
cases four years before setting out fruit of any kind. 

jFall plowing is preferable to spring plowing especially when there 
is a green crop to be plowed under. Earlier spring planting can 
also be done when the plowing is done in the fall. Irrigation just 
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before the fall plowing will put the land in a better state of moisture 
at planting time in the spring. 


Plenty of barnyard manure will take the place of a green crop. 
Perhaps barnyard manure does more good if applied after the plants 
are set than when used before. 


DISCUSSION OF VARIETIES. 


Although different varieties are more or less localized there are 
places in Colorado where it is thought that most any kind of raspberry 
could be grown. In the Loveland district the Marlboro is grown more 
than any other variety. This is a red raspberry and requires winter 
protection by covering. At Canon City the black-cap is raised quite 
extensively. Gregg is the variety most used. Each of these species, 
that is, the red and black-cap have their advantages. The red rasp- 
berry as a rule brings a better price on the market than the black. 
The black-cap varieties hold up perhaps a little longer in shipment and 
in many parts of the state do not need winter protection. On the 
western slope of Colorado the black-cap, red, and the purple cane 
varieties are found. In some places on the western slope none of these 
kinds are protected during the winter but it is thought that for the best 
growth and welfare of the plantation, the red varieties should be 
covered. 


The best red variety for Colorado is undoubtedly the Marlboro on 
account of its good shipping qualities. The Cuthbert is also a very good 
variety for home use as it has a better quality and flavor than the Marl- 
boro. Its chief objection is that it is a rather soft berry and will not 
stand shipment for any great distance. With careful picking and pack- 
ing the Marlboro will stand up from thirty-six to forty-eight hours 
depending somewhat on the temperature, while most of the other red 
varieties go down in from twelve to twenty-four hours. For evapor- 
ating purposes the black-caps are better than the red varieties on ac- 
count of their hardiness. When used for this purpose they can be 
picked by mechanical means thus doing away with hand picking. So 
far in Colorado there has been such a demand for raspberries to be 
used as dessert that it has not been necessary to resort to evaporating. 
In fact, during the last year there were not enough raspberries raised 
in Colorado to supply the local market. The following is a list of the ° 
different varieties of raspberries which are known to do well in Colo- 
rado. The purple cane varieties, as a rule, are the best for canning 
purposes, 
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RED RASPBERRIES. 

Only very brief descriptios are given of the following varieties of rasp- 
berries on accout of the lack of space; these are given in their order of im- 
portance. 

Marlboro.—This variety is of only ordinary quality but noted for their 
firmness both on the bushes and hold up well in shipping. 

Cuthbert.—A good berry for home use, having fine quality but generally 
too soft for shipping long distances. 

Loudon.—Canes vigorous, quite hardy, and productive. A good berry 
for local market or home use. 

Turner.—This variety is very hardy and vigorous. Fruit, sweet and of 
excellent flavor. 

Golden Queen.—In all characteristics this is a Cuthbert except that it 
bears yellow fruit. A few for home use are desirable. 

BLACK-CAP VARIETIES. 


Gregg.—Best known late variety. Very good shipper and an excellent 
variety for evaporating when picked by hand. 

Kansas.—Fruit similar to Gregg ripening a week earlier, juicy, of excel- 
lent flavor and firm enough to ship well. 

Ohio.—The great evaporating raspberry of the present day. Quality 
poor as it is very seedy but yields more pounds of evaporated fruit per 
bushel than any other sorts. 

PURPLE CANE VARIETIES. 


Shaffer.—An excellent canning variety. 

Philadelphia.—This represents the red raspberry more closely than 
some of the other purple cane varieties. Propogated by suckers, yields 
but sparingly. 

Columbian.—This is of the Shaffer type and ripens a little later. 


PROPAGATION. 


Propagation of the raspberry varies according to which species 
it belongs. The red raspberries are propagated from the suckers 
which come up from the parent root. As a rule most of the red va- 
rieties throw up enough suckers to insure plenty of young plants. For 
this reason careful cultivation has to be resorted to in order to avoid 
injuring the root system of the old plant. For when it is injured it acts 
only as a stimulant to throw more shoots and often requires a severe 
pruning to keep them down. ‘The old plant can be separated by di- 
vision thus obtaining extra plants for planting purposes, but as a rule 
this is not as good a plan as to use the young shoots with the roots at- 
tached. r 

The black raspberry is propagated by tip layerage. This is done by 
covering the tips along the latter part of July or the first of August. 
They take root at this point and generally establish themselves well 
enough so that the next spring they can be separated from the par- 
ent stock by cutting the cane off near the ground. 

The purple cane varieties vary somewhat in their mode of prop- 
agation according to the variety. The most of them however resemble 
the black-cap in this respect and are propagated by tip layerage. 


8 CoLORADO EXPERIMENT STATION, 


SETTING PLANTS. 


It is a good plan to grow the variety which has done the best in 
that locality. It is better to secure home grown plants when such are 
available rather than to use plants brought from a distance. 


Age of Plants—It is believed that yearling plants are the 
most desirable for the new plantation. By this we mean those plants 
which have grown one full season and not those that were started the 
summer before. In some cases it is perhaps possible to get good stocky 
plants which were started the summer before but generally these are 
small and spindling and have a poor root system. 


Time of Setting—tIn Colorado the best time to set raspberry 
plants is in the spring. This should be done just as early as is pos- 
sible to avoid any damage from severe frosts. As a rule, the 
middle of April is a good time. For this reason it is well to have the 
land plowed the fall before. 


Distances——The distances that raspberry growers use in setting 
out new plantations vary somewhat according to variety and locality. 
In those localities where the winters are not severe enough to require 
laying down it is not necessary to plant the rows as far apart as where 
protection from the winter is required. | Where protection is necessary 
the distance for the red raspberry between the rows is seven feet apart 
and in the row two feet and eight inches. The distance in the row can 
be greater than this providing the pin system of laying down is not used. 
This distance varies from that mentioned up to three and a half feet. 
In those localities where laying down is not required for winter pro- 
tection, the distance of five to six feet for the rows and from three to 
five feet in the rows is used. This enables cultivation to take place 
both ways. It requires 2333 plants per acre when set two feet eight 
inches in the row and rows seven feet apart. 

The black-cap varieties in those localities where winter protec- 
tion is not used, should be planted with rows the same distance 
apart as for the red, that is, about seven feet and about five feet in 
the row. Where covering of the black-cap is necessary it is better 
to have them a little closer than this, from three and a half to 
four feet. This latter distance will require severe pruning of the 
plants to keep them from forming a hedge row. The purple cane 
varieties can be the same distances as the black-cap which in habit 
they so closely resemble. 


Method of Setting—A good method of planting is to have the 
rows staked off the desired distance from each other and plow a deep 
furrow where the rows are to be set. Set the plants by hand the de- 
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sired distance in the row from each other and place some dirt around 
the roots of each to keep them from drying out. The rest of the dirt 
can be plowed back with one horse. Irrigation should follow as soon 
as the plants are set in order to keep them from drying out. If culti- 
vation is to be done both ways it would be well to set the plants in 
check rows. This would lighten the expense of cultivation especially 
for large areas. 


CULTIVATION AND IRRIGATION. 

In those localities where covering is necessary for winter pro- 
tection there is less need perhaps for an annual plowing as this is done 
in the fall when covering and in the spring when uncovering. This 
keeps the soil from forming a hard pan four or five inches below the 
surface as is often found when only clean cultivation is used. A good 
rule to follow during the summer is to cultivate after each irrigation 
except during the fruiting season. This will not only prevent the 
ground from baking but will often take the place of irrigation. Dur- 
ing the fruiting season it is necessary to irrigate some soils almost 
every other day; for others twice a week is plenty. It is probable that 
if careful irrigation and cultivation were used during the growing 
season, it would not be necessary to irrigate so often during the fruit- 
ing season. Over irrigation has a tendency to soften the fruit. In 
running the water between the rows it is not a good plan to have the 
irrigation furrows too near the plants, as it is hard to cultivate the 
furrows in when they are too close. 


There is a dispute as to whether the plantation should be irri- 
gated and cultivated up to the last of the growing season or whether 
it is better to allow irrigation and cultivation to cease about the first 
of August, thus giving the plants a chance to ripen. It is thought that 
this latter practice: is the better. Irrigation can be done the latter 
part of October or the first part of November. This will enable the 
plantation to be more easily covered with soil. This late irrigation 
is also beneficial in keeping the soil moist during the winter. 

Cultivation is quite necessary during the growing season to keep 
down weeds and perhaps more important to keep down suckers in 
those varieties that are inclined to throw up a great many shoots. 
Square teeth are used on the cultivator in the place of the round ones 
in order to cut the shoots off just below the ground. These square 
teeth can be made by any blacksmith and are one of the best imple- 
_ ments to use to keep down suckers. It cannot be emphasized too 
much that irrigation cannot take the place of cultivation. But on 
the other hand, it is often possible for cultivation to take the place 
of irrigation with good results. Frequent hoeing during the season 
up to the fruiting period is necessary especially where the plants are 
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not check rowed in order to keep weeds and raspberry shoots from 
growing in between the hills. It is always better to keep thrifty 
hills in the row rather than to let them grow together and form a 
matted row. 


WINTER PROTECTION. 

As has been stated before it depends largely upon variety and 
locality whether or not it is necessary to lay the plants down for win- 
ter protection. In the Loveland district all varieties are laid down. 
In the Canon City district and most places on the Western slope the 
black-caps are hardy and do not need winter protectioa, while the 
red raspberries as a rule are covered. 

Methods of Protection—There are two principal methods used 
by which raspberries can be protected from thie winter freezing, 
namely, that of covering with straw, leaves, etc. and that of covering’ 
with earth. As a rule in Colorado the earth covering is the mara ( 
practical as straw and other material is sometimes scarce. 

Raspberries are laid down from the middle of October to the mide 
dle of November, depending somewhat on the weather conditions. 
There are two principal systems used in laying down the plants, namely, 
first that of pinning, and second that of bending over and throwing 
dirt on the tips, thus holding them down. The pinning system is “ae 
by commencing at the end of the row’and pulling the first two hills 
down so that the tops of each are at the side of the base of the other. 
They are held in place by pieces of old canes which are broken to 
about six inches in length and so placed as to hold the canes in a firm 
position on the right hand side of the base of the plant. In order to 
do this pinning properly it is necessary to either have canes long 
enough to overlap when they are laid down or have the hills close 
enough together. It is always well to have the tops of one plant 
at the right of the base of the next and to keep this up throughout 
covering. If this is done uncovering in the spring can be aided by 
using a right hand plow, to plow at least one furrow away from each 
row. Another form of holding the plants down until some 
earth can be placed upon them is that of using a six tined pitch fork 
and holding the tops in place until earth can be shoveled onto them. 
By using either the pinning or fork system of holding plants in place, 
one man can very easily cover his own canes. Placing soil ujon the 
canes to hold them down takes from two to three men. One inan 
bends the canes down and the other two shovel soil upou them. In 
pulling the canes down into place it is necessary that thev lay quite 
flat on the ground in order to be properly covered, otherwise they 
are apt to loop in the center causing an air space and the likelihood 
of their becoming uncovered before spring. See Fig. . i 
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Figure 1. Raspberries not properly laid down and covered. 


One of the vital phases in the protection of raspberries is that of 
incovering in the spring. If uncovered too early they may be caught 
y late spring frosts and on the other hand, if uncovered late, the buds 
hoot out into white tender growth which may be killed by hot winds. 
A good plan would be to commence uncovering to within about one- 
lalf an inch of the canes, about the middle of April and to keep this 
ip gradually for some time until the work was conipleted. This 
vould give a chance for the young growth to harden off so as to resist 
he change of climatic conditions. 

The labor of covering the canes may be facilitated by plowing two 
urrows on each side of the row before using the shovel. It is a good 
lan to have a well rounded ridge with plenty of earth on ‘either side 
9 form rather wide bases. This will help to keep the earth from fall- 
ng off from the top as would be the case with a narrow high ridge. 
‘ig. 2. is an example of well covered rows. 
| In uncovering the plants in the spring never allow any soil to pile 

p in the hills or between them, for, if this is allowed it will not be 
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Figure 2. Raspberries well covered. Note the wide ridges which help 
to prevent the soil from rolling off of the sides and tops. 


long before the rows will be growing on ridges. In order to keep this 
soil from forming into ridges it is necessary to remove it with a hand 
hoe from between the hills. 

PRUNING. 

Perhaps no one thing has as much to do with the life of the rasp- 
berry plantation as that of pruning. 

Pruning for Red Raspberry.—lIt is a good plan to prune out all old 
canes just after the fruiting season and the following fall cut the main | 
canes from three and one half to four feet in length and also remove © 
any small inferior ones. It is, as a rule, better to leave more canes 
in the fall than you really need. The next spring when the canes are 
uncovered .take out all canes that have been injured or broken and 
leave only the better ones in each hill. The number to leave depends 
on the vitality, etc. of the plants. This can best be determined by 
practice. As a rule, eight to fifteen canes are enough, when proper-— 
ly selected, for each hill. | Where red raspberries go through the 
winter without covering they should be treated the same as black- “Caps. | 
But it is thought for most districts of Colorado it would be better to 
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cover and prune as above stated. Mid-summer nipping of red rasp- 
berries causes laterals to be thrown out. Asa rule this is not a good 
practice as these laterals are often broken in covering and uncovering. 
It is better for the fruiting cane to throw out its lateral in the early 
summer after it has been uncovered. ‘The figure on the front page 
is a good type of pruning knife for cutting out the old canes. 

Pruning of the Black-Caps——Where the black-cap raspberry does 
not have to be covered for winter protection the following method 
should be followed. Cut out all old canes after the fruiting season and 
at the same time pinch back within three feet of the ground all new 
canes allowing these to throw out new laterals. In some cases it may 
be necessary to do this pinching back of new canes before the fruiting 
season. In this case another pruning is required. It is well to do 
this before the canes have grown too long. They shoud be pinched 
back to from eighteen to thirty-six inches from the ground. In the 
spring go over each hill cutting out all diseaseed or broken canes. 
Where black-caps have to be laid down for winter protection they can 
be treated the same as red raspberries as regards pruning. 

The true purple cane varieties can be treated about the same as 
the black-caps which they more closely resemble in habit. 

GENERAL MANAGEMENT. 

The question is often asked, “(Can raspberries be raised success- 
fully in a young orchard?” This depends somewhat on kind of soil 
and method practiced. It is believed that with a rich, deep soil and 
with proper management two rows of raspberries, or in some cases 
three, depending upon the distance the trees are planted, can be raised 
in a young orchard for four or five years, or until the trees require 
a great amount of spraying, etc. Never plant raspberries in the tree 
row as is shown in Fig. 1. In raising anything in an orchard it 
must be remembered that the trees are primary and everything else 
secondary. Raspberries require more water than young fruit trees 
but it is thought that by keeping the water from the trees and watering 
the raspberries only for a few years, at least, no damage would result 
from this practice. Fig. 3. shows a raspberry plantation grow- 
ing between old apple trees. It shows the stunted effect on the rasp- 
berries of over shade and crowding. 

Fertilizing —The best way to fertilize a raspberry plantation is to 
naul manure during the winter in between the covered rows. This 
manure can often be of a rough nature and in some cases it is thought 
fo be better than when it is fine and well rotted. Perhaps the reason 
for this is that its physical nature is more valuable than fine manure. 
When this is placed in between the rows it is covered the next spring 
by uncovering the hills. In this condition it soon decays and becomes 
ncorporated with the soil. 
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Figure 8. Raspberries growing in a fifteen year old apple orchard. 
Note stunted effect on the raspberries next to the trees. . 


Life of Plantation.—Eastern authorities claim that the best results 
are obtained when the plantation is not allowed! to grow longer than 
six or seven years. In Colorado it is thought that with the proper 
management and care a raspberry plantation will last from twelve to 
fifteen years. There are in the Loveland district at the present time 
plantations twelve years old and these seem to be as thrifty as younger 
ones. It is hard to give the life of a plantation as this depends 
largely upon the care given it. 

YIELDS. 

Yields for the raspberry plantation vary somewhat from year to 
year, it depends largely on the vigor and growth of the plant. An 
average yield for the black-cap raspberry is two hundred and seventy 
crates per acre; that of the red varieties is about three hundred seventy- 
five crates per acre. When we speak of crates we mean those which 
contain twenty-four pint boxes. In some cases the black raspberries 
are crated in quart boxes but unless for local market it is better to place 
them in pint boxes as the raspberries will hold up better. As a rule 
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the raspberry plantation will not come into bearing to any great extent 
until the third season. 
HARVESTING. 

Unless raspberries are picked for evaporating purposes they are 
picked direct from the bushes into pint boxes; these are placed in a 
hand carrier which holds six boxes and carried direct to the packing 
house. It has been found that carriers holding not more than six 
boxes are better than those holding more on account of their not allow- 
ing the berries to remain in the sun for any length of time. After the 
berries are picked they should be kept as cool as possible until market- 
ed. 

Markets —When a good price can be obtained it is better to sell 

at a local market than to ship. Good markets for the berries grown on 

the western slope are found in the nearby mountain towns. In fact 
during the past year there were not enough berries grown to supply 
many of the local markets of the western slope. The berries of the 
Loveland district are handled by an association which finds various 
markets of which Denver is the principal one. Some berries are ship- 
ped out of the state. 

Values.—The amount received per crate varies somewhat accord- 
ing to amount grown and place of market. The average cost for the 
made up crate is about fifteen cents each. The cost for picking and 
carrying to packing house is about thirty cents a crate. The gross 
value received for an acre of red raspberries for the average year would 
run from four to six hundred dollars. The average expense, includ- 
ing cultivation, irrigation, pruning, covering, picking and packing is 
from one hundred twenty-five to one hundred fifty dollars per acre. 
This would leave a net gain of two hundred fifty to four hundred 
seventy-five dollars for red raspberries and two hundred to three hun- 
dred fifty for black-caps per acre. 

POSSIBILITIES OF THE INDUSTRY. 

There is no doubt but that more raspberries could be grown in 
those localities where they are already growing and still have good 
markets. It is believed that there is a large field open for raspberries 
that can be evaporated. There is no doubt that raspberry growing 
properly managed can be made to be a paying proposition. There is: 
no reason why every farm should not have a few well cared for bushes 
in its home garden. As has been stated before, raspberries will grow 
on a variety of soils and at various altitudes. Of course it might not 
be profitable to raise them on a large scale as above stated, but tliere is 
no reason why a few could not be raised for home use. With good rail- 
road facilities and proper air cooled cars, raspberries can be shipped 
long distances. Properly air cooled cars are better for raspberries 
than ice cooled ones as raspberries when ice cooled soon go down 
when put on the market. 
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DISEASES.* 


Raspberries in Colorado are not troubled with many fungus dis- 
eases, for the reason that the climate is too dry for the spread of such 
troubles as affect the canes above ground. 


ANTHRACNOSE. , 

This can be detected by gray discolored spots found on the canes 
above ground. When these spots become very numerous they may 
cause death or greatly weaken the plant. The disease is a surface one, 
namely, it lives on and in the bark. ; 

Treatment.—Affected old wood should be removed and burned 
as soon as the fruiting season is over. In setting out new plantations 
careful inspection of the plants should be made to avoid any with dis- 
eased canes. Spraying may be done with one-half strength Bordeaux 
or self-boiled lime sulfur. In this case it must be remembered that the 
mycelium lives over winter in the canes, and that spraying can only 
prevent the germination of spores as they are produced. Black rasp- 
berries are perhaps more susceptible to the trouble than the red 
varieties. 

ORANGE Rust. 

This disease is detected by the orange-red color on the under side 
of the leaves. This discoloration is due to the abundance of sori, 
which produce the orange-red spores by means of which the disease is 
spread from plant to plant. The mycelium of the fungus which corre- 
sponds to the roots of higher plants lives through the winter on the 
canes and roots of the raspberry. For this reason spraying is not very 
beneficial for its control. This disease is found more often on black- 
berries than on raspberries. Black raspberries are more susceptible to 
it than the red varieties. 

Treatment.—All diseased plants as soon as discovered should be 
dug up and burned. 

Crown GALL. 

This disease, caused by bacteria, is characterized by a rough knotty 
growth around the base or on the roots of the plant. 

The most satisfactory treatment for this trouble is to avoid plant- 
ing any diseased stock. When found in the plantation take out dis- 
eased plants and destroy. 

Cane Bricur. 

This disease has been thought for many years to have been winter 
injury. It is now thought to be a fungus trouble and is being worked 
on by Prof. W. G. Sackett of this station. 


2 *The accounts of these diseases are taken largely from Card’s “Bush 
ruits.” ; 
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GARDEN NOTES, 1910 


By E. R. BENNETT 


The garden proposition in Colorado, differs materially from 
that in the East. It is always a question in a new country as to 
what will succeed, and what fail. Many people have thought that 
because of the high altitude of Colorado, few of the garden crops 
that succeed in the East could be grown here. In fact this idea 
has been so prevalent that for years many of the ranchmen in 
the higher altitudes of the State, have lived on canned goods and 
have freighted potatoes from distant points at four cents per pound, 
when vegetables, (potatoes in particular), could have been grown 
better on their ranches than in most places in the East, or even in the 
lower altitudes of Colorado. Different places in Colorado differ 
so materially in altitude, and therefore in temperature and rainfall, 
that it is impossible for anyone to give definite directions, or make 
definite statements as to what may be done in the State as a whole. 
E,ven when certain truck crops have been failures in many places, 
we cannot conclude that the crop may not grow satisfactorily in 
a given place until we have tried all the methods possible for its 
culture. In other words, because a given crop will not grow as 
handled in Iowa or Ohio, it does not necessarily follow that it can- 
not be grown, even more successfully, here than there, when we 
know how to adapt the culture of the plant to our conditions. Many 
strange discoveries have been made in the State along these lines. 
For instance, it has been found that cauliflower, cabbage and po- 
tatoes may reach the acme of productiveness and quality in places 
where it was thought almost no crops of these kinds could be 
grown. Because of these peculiar conditions, it has been thought 
best, particularly for the benefit of new comers in the State, to 
discuss the possibilities of growing the various garden crops and 
the methods which we believe to be best adapted to our conditions. 
It must be remembered that the work done along these lines, at this 
Station, cannot be taken as a guide, other than in a general way 

for similar work in other parts of the State. Almost no two 
places have the same conditions, and methods employed must be 
changed accordingly. 

During the season of 1910, as many as possible of the annual 
truck crops adapted to Colorado conditions, have been grown in 
the gardens of the State Agricultural Experiment Station. 

In the work of truck gardening, that has been taken up at 
the Experiment Station, two ideas are being kept in mind. First 
the truck crop from a commercial standpoint is considered. This 
includes all the crops such as cabbage, cauliflower, celery and the 

‘like, that are grown for local markets, and also for shipping to 
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distant markets. These crops are adapted to certain districts and 
from a commercial standpoint are not adapted to all districts. On 
the other hand, the truck crops for the home garden may be grown 
in practically all parts of the State, even though certain ones are 
not sufficiently adapted to the conditions to produce a maximum of 
yield and quality. For this reason, we will take up the various 
vegetables that are in any way adapted to our climate in the alpha- 
betical order, as a matter of convenience, rather than in the order of 
their importance. 

Asparagus.—Asparagus, is one of the most satisfactory crops 
for the gardens of Colorado. ‘There are comparatively few troubles 
or pests that interfere with growing this crop in the home garden. 
In fact, the vegetable easily becomes a weed and may be found 
growing wild along the creeks and ditches in nearly all parts of 
the State. There is no reason why every garden should not have a 
sufficient supply for family use. Whether this vegetable may be 
grown for a canning proposition, we are not prepared to say. An 
experiment is now under way to demonstrate this point. 

April 12, 1910, about one-tenth of an acre in the College gar- 
den was sown to three of the leading varieties of asparagus, i. e. 
Conovers Colossal, Palmetto, and Barr’s Mammoth. Asparagus is 
slow in germinating. Five weeks elapsed before this seed germin- 
ated sufficiently to be seen. It has been thought that asparagus 
would not do well in this climate. This, however, has made a per- 
fect stand and has grown as well as could be expected at any place. 
In fact, some of these plants have attained a heighth of more than © 
two feet. At present, the one year roots are being dug for storage 
and planting next spring. The yield will not be less than 15,000 
plants, or at the rate of 150,000 plants per acre. The culture of 
asparagus for the garden is very simple. It is only necessary to 
have the soil thoroughly prepared by deep plowing, and well fer- 
tilized by mixing with the soil not fewer than twenty to thirty 
loads of decomposed stable manure per acre. If the asparagus is. 
to be planted i in a small plot in the garden, the plants may be set in 
early spring in the ground in a trench, with the plants from one 
foot to eighteen inches apart. The plants should be set in a trench — 
at least six inches deep, and covered with not more than two inches. — 
of soil at the time of setting. The roots should be spread out in 
the bottom of the trench with the crowns up. During the season, 
the trenches may be gradually filled so as to level the ground. When — 
frost kills the tops in the fall they should be cut, and when suffi- — 
ciently dry should be burned. This will. help destroy the insects and 
fungus pests that trouble the plants. After the plot is cleared, it~ 
should be covered with a good coat of stable manure, which should 
be harrowed into the soil the following spring. 
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Beets——All the different varieties of beets, including table 
beets, mangel wurzels, and sugar beets do well in Colorado. ‘he 
table beets are easily grown. For early growing they should be 
planted as early in the spring as the soil can be worked. In high 
altitudes these are good for table use even into the winter. For the 
lower altitudes second plantings should be made in June, as those 
planted early in the season tend to overgrow and become pithy. 
No particular pests trouble the beets to any extent. ‘The beets in 
the College garden were ready for market during the months of 
June and July. 

Brussels Sprouts—One of the vegetables that is almost un- 
known in the State, but is particularly adapted to the climate of 
Colorado is the Brussels Sprout. ‘This vegetable is to all intents 
and purposes a cabbage and may be grown in the same manner 
as the cabbage. This plant instead of forming a single terminal 
bud or head forms small heads in the axil of the leaves. For suc- 
cess with this vegetable, it is best to grow it from seeds in hot beds 
or cold frames, and transplant to the open ground as soon as the 
weather will permit. The culture is the same as for the cabbage, 
and insect pests that work on cabbage also work on this plant the 
same as on cabbage, except that the Green Aphis is more prone to 
attack the sprout than cabbage. For treatment see cabbage. 

Beans.—Theoretically, the bean family should be well adapted 
to the dry climate of Colorado. It has been found at least in 
Northern Colorado that the bean has more serious insect enemies 
than in most other parts of the country. Ordinarily the crop can 
be grown satisfactorily when the depredations of the striped flea 
beetle, and lady beetle can be controlled. Care must be taken in the 
culture of beans not to give more water than is necessary for the 
development of the plants. 

Cabbage.—The cabbage is well adapted to Colorado conditions, 
particularly the higher altitudes. Growing this crop is becoming 
one of the commercial industries of the Greeley, Fort Collins, and 
Denver districts. Owing to the bulkiness of the crop, it. has not 
been grown to any great extent in the mountain valleys of the 
State, although it is as well or better adapted to those conditions as 
on the warmer lands of the plains. Early cabbage should be started 
in cold frames or hot beds, and may be transplanted to the field or 
garden as soon as the soil can be worked in the spring, provided 
the plants have been sufficiently hardened off by exposure to the 
cold. In the College gardens, the Winningstadt variety of cab- 
bage was set May 9th. These cabbage were ready for market the 
middle of July. Practically every plant made a firm head that 
weighed from two to four pounds. Cabbage for late use should be 
set in the field from the latter part of May until the first of July, 
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depending on the length of season of the place. At Fort Collins 
Cross cabbage set from the 25th of May until the 5th of July make 
a crop that is usually matured at the end of the growing season. 
For market cabbage, it is best to set plants sufficiently close to keep 
the size of the heads down to five pounds. At Greeley, where 50,000 
pounds per acre have been grown, these cabbages are set in rows 
from 24 to 28 inches apart, and about 14 inches apart in the row; 
thus using 12,000 to 14,000 plants per acre. Cabbage require a 
maximum of fertility, particularly of nitrogen. 

Two serious cabbage insects are found in Colorado. ‘The 
most serious One is the so-called cabbage worm, the larva of a white 
butterfly. In reality there are two species of these worms. Their 
habits are so nearly alike, however, that they may be treated as 
one. The best remedy for these worms is to dust on the plants a 
light application of Paris Green or some of the other arsenical mix- 
tures diluted with flour or lime. If this work is done before the 
plants are too large, there will be no danger from poisoning either 
human beings or stock. The green aphis is also frequently destruc- 
tive to the cabbages. ‘These are best controlled by spraying the 
plants when the aphis first attacks them, with some contact poison 
as tobacco decoction or kerosene emulsion. Ordinarily these aphids 
do not cause sufficient injury to warrant any treatment. 

Cauliflower.—Cauliflower is one of the crops that is especially 
adapted to Colorado conditions, and should be in every garden, even 
if not for commercial purposes. Cauliflower matures even at an 
altitude of 8,500 feet. For the past three years this crop has been 


experimented with in a small way at the Agricultural College and — 


in various parts of the State. This vegetable is peculiar in its 
demands of soil, climate, etc. In the East, where it is grown for 
market purposes, it is thought to be doing well if one-half the 
plants make heads that weigh from one to two pounds. In the 
high altitudes of Colorado, as in the San Luis Valley, Middle 


Park, and Aspen, it is not uncommon to find heads that measure — 


12 to 14 inches in diameter and weigh six to eight pounds. We 


believe this vegetable in a short time will be grown, not only for | 


home use, but for shipping East to the big markets of the United — 
States. ‘The only difficulty in growing cauliflower in mountain 


districts is that where gardens or fields are near uncultivated areas, — 
the prairie dogs, ground squirrels, and other small animals are apt — 
to find the vegetables toothsome and are not willing to wait until 4 


the crop is ready for harvest. 


During the season of I910, plants were grown at she Ex- 
periment Station for experiments in different parts of the State. © 
About 1,000 of these plants were sent to Del Norte. About the- 
same to Grand county, and an equal number was set in the fields” 


- 
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of Fort Collins. Owing to accidents, neither of the lots sent out 
proved as satisfactory as was hoped. Better than 90% of those 
that were planted at Fort Collins made marketable heads. ‘Two 
varieties, Early Snow Ball, and Extra Early Dwarf Erfurt, were 
used. The late planting was set June 15th and 16th. Up to the 
present, from one-tenth of an acre of cauliflower 785 pounds have 
been sold, bringing $42.30. A part of the crop is being held in 
storage to determine the advisability of keeping cauliflower after 
the season closes.. Cauliflower demands cool weather and a soil 
that is fairly strong in nitrogen and also well supplied with phos- 
phorus and potassium. The culture for this vegetable is the same 
as for cabbage, with the additional work of going through the field 
every day or two after the heads begin to form and tieing the leaves 
together to prevent the small white heads from coloring. If this 
is neglected until the head is colored by the sun, the vegetable is 
injured both for market and family purposes. 

Corn.—Corn is a crop that is not well adapted to Colorado, ex- 
cept in the lower altitudes. Corn, requires warm days and nights 
to make its best development. While it is not advised to grow 
corn for market purposes, it may be grown in the home garden 
satisfactorily, except in the higher altitudes. The culture is the 
same as in other districts. It is well to give corn as little water 
as possible, as over watering serves to retard the maturity of the 
corn. ‘The worst enemy of the corn is the so-called boll weevil, or 
corn worm, which feeds on the immature grain in the husks. No 
remedy is known for this insect. A succession may be main- 
tained from the latter part of July until frost, by planting such 
varieties as Corey, or Catawba, for early, Crosby’s 12 Row, second 
crop, and Country Gentleman, for late. At Fort Collins, these 
three varieties did very well during the past season. Stowell’s Ever- 
green and like varieties are too late to be satisfactory with our 
length of season. 

Celery.—Celery is one of the crops that is not only being grown 
for home use, but is being extensively grown in Colorado for mar- 
ket. Until within a comparatively short time, it was thought that 
celery could not be grown in the so-called arid West. It has been 
found, however, that celery not only can be grown in the West, 
but that the texture and flavor of Colorado celery is much superior 
to that grown in either Michigan or California. The celery crop 
this year in the so-called Denver district will probably amount to 
400 cars. This does not include that grown in the Pueblo district, 
or for numerous markets in other parts of the State. There is 
no reason why celery should not be grown in every garden. Con- 
siderable complaint has been made by celery growers that the 
tendency of the plant to make seed stalks the first year is a serious 
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menace to the industry in the State. As a working hypothesis we 
have assumed that this trouble is due to some of the changes which 
the plant has undergone in being brought from a humid to a dry 
climate. In order to investigate this, a small area of both early and 
late celery was set in the College gardens at Fort Collins. The 
plants for this experiment were sown in flats in the green house, 
then pricked from the flats as soon as large enough into benches, 
1¥4 to 2 inches apart each way. This gave sound, stocky plants 
for setting in the.field. Great care was taken from the time the 
seed was sown that these plants did not suffer for water. Plants 
were set in the field May 27th and 28th. This date is rather early 
for Giant Pascall, which is intended for late crop, but was set 
early in order to induce the plants to go to seed if there was any 
tendency in that direction. ‘The Golden Self Blanching, was set on 
either side of a ditch, making two rows about 12 inches apart. 
Plants were set 8 inches apart in rows. ‘The Giant Pascall was set 
in single rows six feet apart, eight inches apart in the row. These 
plots were given clean cultivation at intervals of about one week, 
with a twelve tooth Planet Junior cultivator. The soil in these 
plots was kept thoroughly moist. In order to do this, irrigation 
was given at intervals of from three to five days during the whole 
summer, ‘This kept the soil more moist than would be desirable for 
most plants. The Golden Self Blanching was bleached by tieing 
up the plants individually with old news papers. This method of 
bleaching proved satisfactory, except where the papers were tied so 
tightly that the new shoots in the center of the plant were prevented 
from making their way to the top. In these cases the new shoots 
doubled up and in crowding started decay. No plants of this 
variety showed any signs of sending up seed stalks. Nearly all 
of this was marketed during August. ‘The Giant Pascall was left 
to grow until rather late in the season. In September furrows were 
turned to the rows and left for two or three weeks, then early in 
October the larger part of the plot was taken up and set in a 
trench for bleaching. ‘This trench was prepared by throwing out a 
double furrow with a plow and then shoveling out the loose soil so 
the trench was made about 18 inches deep, and two feet wide. In 
this the celery was trenched, three plants wide and as close to- 
gether lengthwise in the trench as the roots of the plant would per- 
mit. After setting in the trench water was allowed to run through 
the trench to firm the soil around the roots. ‘The trench was then 
covered with corn stalks, and later with straw, old tomato vines 
and earth. A part of the plot was left where grown. These plants 
were banked sufficiently high to bleach, then as cold weather ap- 
proached were covered with tomato vines, straw, etc. A few plants 
were also taken from the soil and placed in half barrels in the 
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cellar. This system may be utilized where only a few plants are 
used, and cool cellar room is available. Although the Giant Pas- 
call made large plants because of having a longer season for growth 
than is usually desirable for the crop, there were but four or five 
plants in the whole plot that showed any tendency to go to seed. 
This would indicate that the cause of celery going to seed pre- 
maturely in Colorado is because of drying out of the soil some- 
time during the growing season. Celery in its natural condition 
grows in swamps, in other words it is a semi-aquatic plant. It is 
also a biennial, that is, it should make growth in one season, and 
develop seed the next the same as the carrot, parsnip, etc. The 
theory is that, in Colorado, the growth of the plants becomes 
checked by lack of water sometime during the summer season. This 
corresponds to the resting season over winter in its natural habitat. 
When growth starts again after the check the plant sends up its 
seed stalk. This experiment has not been carried far enough to 
demonstrate this theory beyond a doubt, but we believe that at 
least a large part of the trouble experienced by Colorado growers 
comes from this cause. 

Celery growers in Colorado are troubled very little with fungus 
diseases or insect pests. Occasionally we hear of trouble from 
decay of the stem. ‘This is undoubtedly caused by fungi.. This 
has not been serious enough up to the present time, however, to 
lead to any particular investigation of the subject. Celery rust 
occasionally occurs, but this is not ordinarily serious. Few insects 
give any trouble. 

Cucumber.—The cucumber is a semi-tropical Fegeeble and 
is not supposed to be very well adapted to Colorado conditions. For 
all places, except the very high altitude, however, this vegetable may 
be grown with perfect success. While the cool nights are not 
particularly favorable to the growth of the cucumber, the absence 
of diseases that cause trouble in other places offset this difficulty 
to such an extent that the yields are on the whole practically as 
good as in the so-called cucumber districts of the East. The cu- 
cumber needs considerable moisture, and yet care should be taken 
not to cause a cooling of the soil from too frequent or heavy irri- 
gation. In order to avoid this while the plants are small, the har- 
row should follow as quickly as possible after irrigation. Where 
the season is short, the seed should be planted early. The early 
varieties are to be recommended rather than the larger growing 
late varieties. The greatest danger to the crop is from poor germ- 
ination of the seed, owing to the cool nights in the spring. It is 
well to plant plenty of seed and depend on thinning the plants down 
to the required number. In the Experiment Station plots, both 
Coy’s Cumberland, and the Fort Hook Famous cucumbers made 
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good growth until the heavy frost of August 24th, killed the vines. 

Egg Plant—The Egg Plant is one of the least known garden 
vegetables and one that deserves: being better known. This plant 
is related to the tomato, and requires the same conditions to make 
its best growth. As it is a warm climate vegetable, it is best to 
start the plants in the green house or hotbed and have them in 
blossom when the weather will permit setting in the field. This, at 
the altitude of Fort Collins, is usually about May 25th to June 
1oth. ‘These plants should be given as little water as possible and 
frequent shallow culture. In the Experiment Station plots, Black 
Beauty proved to be the most valuable variety. Plants: may be set 
two feet apart with rows three feet apart. ‘The little black flea 
beetle and striped potato beetle are the most serious insect pests 
of this vegetable. The best remedy found in our plots was to 
spray the plants with a rather strong application of arsenate of lead. 
This should be done as fast as the plants are set out, as the flea 
beetle is apt to be at its worst about the time the plants are ready 
to be set in the field. 

Melon—Melon growing in Colorado, is so well known that — 
little need be said in regard to it. The melon requires a warm 
climate and thrives best on a sandy loam soil. The Arkansas 
Valley: district has been noted for several years for its high quality 
melons. Other sections of the State, notably the Lower Grand 
Valley and the Uncompahgre Valley, are rivaling the Rocky Ford 
district. ‘The Greeley district is also producing melons in a com- 
mercial way. The soil of Fort Collins is not well adapted to melon 
culture, and none have been tried in the Experiment Station gar- 
dens. 

Onion.—The onion is another vegetable that is becoming of 
commercial importance in various districts of the State. The re- 
quirements for the onion are rich loamy soil that can be easily 
irrigated and worked, and where sufficient stable manure can be 
obtained to keep the land in the very best condition. For this 
reason the onion industry is largely confined to areas close to the 
cities of the State. The greatest drawback to onion growing is 
the uncertainty of the market. The yields in the State are fairly 
uniform, and failures are rare. Yields of 300 to 400 sacks, that 
is, 600 to 800 bushels are not uncommon, but the average is much 
less than this. The onion requires a fairly long season to mature, 
therefore is best planted as early in the season as possible. In fact 
onion seed may be planted in the fall. In the Uncompahgre Valley 
where the spring is early the seed is frequently sown in February. © 
The ground should be prepared by being preceeded by potatoes or — 
some other hoed crop that will free the land from coarse vegetable — 
fiber and weeds. It should be thoroughly harrowed and leveled © 
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after being plowed, so as to make a fine smooth seed bed. ‘Two 
systems of growing are used in the State. One, the flat system has 
rows 12 to 14 inches apart. ‘The other is known as the double row 
system. ‘That is two rows are close together, with a wider space 
between. In the Greeley district, irrigation is given by means of 
flooding. Few diseases trouble the onion crop. Occasionally some 
loss is sustained from onion rot. A small insect known as “‘thrips”’ 
cause considerable injury to the onion in this State. This insect 
is so small as not to be ordinarily noticed. A grayish appearance 
of the leaves and stems; together with a tendency of the leaves 
to twist, indicate the presence of this insect. This pest is not easily 
destroyed. About the only means of control is by spraying with 
some contact insecticide as black leaf sheep dip or a soluble oil. 
These are seldom very satisfactory, owing to the fact that the in- 
sects are for the most part between the leaves, where they are 
protected from the spray. ‘The varieties mostly grown in the State 
are the Red Globe, Red Wethersfield, Yellow Globe Danvers, White 
Globe, and Prize Taker. Onions for family use may be grown in 
all altitudes and soils of the State. In heavy soils there may be 
trouble from the seed not being able to prick through the crust. 
This may be overcome by keeping the soil moist at the time plants 
are appearing through the ground. In keeping onions for winter, 
it is best to have them in a cool dry place. 

Peas—Peas are well adapted to practically all districts of 
Colorado. Northern Colorado is becoming noted for its production 
of the garden pea for canning purposes. Factories have been 
established at Longmont, Loveland, and Greeley. The cultivation 
of this plant is very simple. For garden use it only need be planted 
early in spring, in drills from two to four inches deep. The 
wrinkled varieties are somewhat prone to rot in the ground when 
planted in heavy soil. Few insects or plant diseases trouble peas in 
Colorado. 

Pepper.—tThe pepper is similar to the egg plant and tomato, 
so far as soil requirements are concerned. ‘The plant does its best 
in a rich warm soil. It may be grown, however, in any of the agri- 
cultural districts of the State, provided the plants are started early 
enough to have good sized plants to set when the soil is sufficiently 
warmed for planting in the field. The seed of the pepper is very 
slow to germinate, so that plants should be started earlier than for 
tomato, or cabbage. 

Salsify.—This vegetable is comparatively little known, but is 
desirable as a winter and spring vegetable and is recommended for 
the home garden. ‘The culture of this plant is very simple. Seed 
may be sown in drills in the garden at any distance apart that may 
be desired. The seeds are almost sure to grow, so that a good stand 
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may be expected. In the fall the roots may be dug and stored in the 
cellar, or left in the ground until wanted for use. When stored 
in the cellar they should be covered with soil or sand to prevent 
shriveling. It is thought by some that freezing improves the quality 
of the root. Rust frequently attacks the leaves of this plant, but is 
not usually serious enough to make an appreciable difference in 
the size of the roots. 

Squash.—The squash is somewhat uncertain from a stand- 
point of production. Some years this vegetable produces so heavily 
as to be exceedingly profitable, even though the price is not high. 
Other years the yield is scant. This seems to be more a matter of 
the season, than from any organic difficulty. The culture of the 
squash is simple. A warm dry soil is most favorable to its de- 
velopment. Some particularly good specimens of Warted Hubbard, 
have been grown in Northern Colorado districts. The smaller 
varieties as Burpee’s Ford Hook, are better adapted to the higher 
altitude and short seasons. One of the worst enemies of the squash 
is the so-called squash bug. ‘This insect is hard to destroy as it 
cannot be poisoned. The best remedy, where only a few plants are 
grown, as in the garden, is to lay pieces of boards on the ground 
near the plants. The insects will collect under these boards during 
the night, and may be killed early in the morning. 

Tomato.—Tomato growing in Colorado is becoming one of 
the agricultural industries. This crop has been grown in the Ar- 
kansas Valley for quite a number of years, but in the past few 
years, tomatoes have been grown in the Northern Colorado dis- 
trict from Denver to Greeley for canning purposes. Until recently, 
nearly all the canned tomatoes of commerce were put up in the 
eastern states, as Michigan, Delaware, and New Jersey. There the 
seasons are somewhat more favorable for securing larger yields 
than in Colorado. However, the yield here is oftentimes equally as 
good as in the eastern states, and the quality is superior. The 
tomato thrives in a warm, sandy soil. For that reason this plant 
demands frequent shallow cultivation. Tomato growing in a com- 
mercial way is confined to the lower altitudes in the State. For 
home use this vegetable may be grown at an altitude of 7,000 to 
8,000 feet. In the high altitudes, particular care should be taken 
to have the plants as large as possible when the ground is ready © 
for setting in the open field. In the Experiment Station gardens, 
tomatoes were set this year on several different dates. The first 
setting, made May ioth, was injured by the freeze of May 16th to 
such an extent that it was necessary to reset plants although the 
plants first set were well hardened. The second setting was made 
May 25th. June 4th, two rows of Earlina plants were set that 
had been grown in six inch pots in the green house. These toma- 
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toes were in blossom at time of setting, and were not disturbed 
sufficiently to check the growth. The first tomatoes picked, July 
23rd, were from this plot. June 15th another plot of Earlina toma- 
toes was set. These plants being set so late, never reached a suffi- 
cient size at maturity to make the yield that the earlier set plants 
made. ‘The area of the whole plot was 28/100 of an acre From 
this two and one-half tons of tomatoes were picked. ‘he soil of 
these plots is not well adapted to tomatoes, nor is the climate of 
Fort Collins considered to be as well adapted as places farther out 
on the plains. As a result, few tomatoes are planted in this dis- 
trict, and prices are always higher than in Greeley or the other 
canning centers. For this reason it is an incentive for the enterpriz- 
ing gardener to grow this vegetable where it is not ordinarily 
grown. For the high altitude, it is best to select the earliest matur- 
ing varieties as Burpee’s Early, Spark’s Earliana, June Pink, ete. 
The seed should be started in the green house or hot bed about 
April 1st. As soon as the plants are sufficiently large to prick out, 
they should be put, either in other flats one or one and one-half 
inches apart, or they may be transplanted directly to the hot bed or 
cold frame as the case may be. They should be, at least, one inch 
apart, and two inches apart each way is better. ‘hese plants should 
be from six to ten inches high when set in the open ground. If 
space is available so that plants may be grown individually in four 
to six inch pots, two or three weeks may be gained in securing 
early fruits. In any case, great care must be exercised to see that 
the plants are thoroughly hardened by exposure to the outside air, 
before being set in the field. Otherwise, a cold wind even several 
degrees above freezing, when first set, will frequently kill the plants. 
On the Eastern slope, the potato flea beetle, and the striped potato 
beetle are serious pests to the tomato. Our experience in this line 
so far has led us to favor spraying the tomato plants with a strong 
mixture of arsenate of lead and water, as fast as the plants are set 
in the ground. ‘This either prevents the insects from working, or 
kills them if they attack the plants. None of the leaf fungi that 
are so destructive to the tomato in the East are troublesome in 
Colorado, nor is there any serious trouble from rotting of the 
fruit. One soil fungus, Fuserium, occasionally causes losses in 
the fields. As yet, we are not certain whether this fungus is native 
in the soils, or is carried to the fields with the plants from the cold 
frames. The first indication of the trouble is a yellowing and 
withering of the leaves, followed by shriveling of the plant. If the 
plant be examined, it will be found that the stem under the ground 
and above ground also is discolored throughout the vascular sys- 
tem, or sap wood. There is no known remedy for this disease. It 
may be partly prevented by making sure that the seeds are sown and 
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plants grown in soil which has not grown tomatoes before, and 
in rotating the crops, so that tomatoes do not follow tomatoes. 

A CABBAGE BREEDING EXPERIMENT. 

The Cross cabbage, which is extensively grown in Greeley for 
shipping, is believed to be an accidental cross between the Winning- 
stadt, and Henderson’s Flat Dutch. This cabbage is globe shape 
in form, and is about half way in season between its two parents. 
Since the origin of this variety at Greeley by Mr. John Levy, the 
seed has been grown at that place, so that the variety has been kept 
practically as first introduced. This cabbage has proved very de- 
sirable in the district, but has had one serious failing. Great care 
has been exercised by those who grow the seed to select heads that 
were true to type for growing the seed. Notwithstanding this pre- 
caution, there is quite a per cent. of the crop that has reverted each 
year to one or the other of the parents, that is, there are always in 
the field, many heads that are flattened as the Flat Dutch, and many 
that are pointed as the Winningstadt. Some of the growers have 
laid this to uncongenial soil or climatic conditions under which the 
cabbages were grown. According to Mendel’s law, some of these 
plants should have an inherited tendency to revert each year to the 
original parentage. In order to ascertain if this principal were true 
with cabbages, and also to eliminate the trouble if possible, an ex- 
periment was started a year ago. First, individual heads of this 
type were selected in the fall of 1908 for growing seed the following 
year. In the spring of 1909, several of these heads were planted 
separately in different places where there would be no chances for 
the seed to cross pollinate. The rest of the heads were planted in 
a single row in a garden. All the plants that were set by them- © 
selves were sterile or practically so; only a few small seed being — 
developed. Seed was saved from all of the other plants separ- 
ately, as well as from the several plants from a field at Greeley. 
These seed were sown separately in the spring of 1910. Later they — 
were transplanted to the field, and stakes set so as to mark off the 
progeny of each separate plant. Some interesting and valuable 
results have followed. Of the fifty plants whose progeny was set — 
in the field, only four plots produced heads that were all true © 
to the Cross type. Great variations occurred in the rest of the plots. _ 
Some were pointed, following the Winningstadt type, both in ~ 
shape and earliness; others followed the Flat Dutch, the other | 
parent. In many plots flat, pointed and globe cabbages all came — 
from the same plant. The plants from the plots that were all true — 
to the type have been saved for further experiment, as have also — 
some of the heads of good type from the plots that had various ; 
types. ‘Theoretically these plants that are all true to type this © 
year, should continue true to this type. If this proves true, the — 
trouble from changing the type of head will be at an end. 


PLATE II.—Cross Cappace.— Upper and middle figures, reverted to Flat Dutch 
and Winningstadt; lower figure, true type of Cross. 
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HINTS FOR GARDENING. 

Colorado ranchmen have the reputation of not liking the so- 
called intensive employment. <A trace of the old horse-back farm- 
ing is still to be found in the ideas of most Colorado farmers. For 
this reason few farmers take kindly to the hoe. Methods in gar- 
dening have improved the same as methods in all other branches 
of agriculture. It used to be thought that onions, strawberries, etc., 
should be grown in a so-called bed; a little space of ground ten 
feet wide by twenty feet long. It is found to be much more econ- 
omical of time and labor if all garden vegetables are treated in 
more or less the same way as our field crops. The ground should 
be prepared as for a crop of potatoes or grain. If a garden is to 
be made with several of the perenniels as rhubarb, horse radish, as- 
paragus, etc., it should be planned so these may grow all together 
on one side of the garden. This strip may be left without plowing 
and will not interfere with the breaking of the rest of the plot. It 
is well to start the garden next to these plants and run the rows 
in the same direction. Not less than three feet of space should be 
left between rows of all garden crops, including onion, lettuce, etc. 
Where it is desirable to economize space, many of these smaller 
vegetables may be put in what is known as the double row system. 
That is, two rows are planted from six to twelve inches apart, then 
a space of three feet is left for cultivating. There is always a 
tendency to crowd all vegetables, with the result that the size and 
quality is frequently sacrificed. The first row should be marked 
with a line. If a garden drill is to be used the marker will mark 
the rows ahead so that the line need not be used further. Where 
a garden drill is not used, it may be desirable to stretch a line and 
then make a mark by running a bicycle over the ground under the 
line. If a single wheel is used for this purpose the row will be 
more or less crooked. Where the bicycle is used, the second wheel 
corrects the inequalities of the front wheel so the mark will be — 
pretty straight. : : 

Where irrigation is practiced there is always a tendency to use ~ 
a great deal of water, and to do little cultivating. It is always bet- i 
ter to use little water and more cultivation. ‘Thorough frequent 
cultivation prevents evaporation, and makes plant food available — 
as well as keeping the weeds from getting started. The garden | 
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should be cultivated not less than once a week until the plants — 
are too large to get through with a horse. For corn and vine 

crops as squash, cucumber, etc., it is well to make the space be- 

tween the rows greater than three feet. An abundant supply of © 
well decomposed stable manure will help to warm the soil and — 
mature the vegetables where the altitude is high and the seasons — 
short. : 
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PLATE I—l. ‘Tree No. 1 just before it wasdug. Right cide of top dead and left side poorly 


developed. 
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NOTES ON A DRY LAND ORCHARD 


By J. E. PAYNE 


In 1894, a few trees were planted at The Plains Substation at 
Cheyenne Wells. These consisted of a few each of cherry, plum and 
apple trees. Some gooseberry plants were set out at the same time. 
Among the apple trees planted were four Wealthy trees which were 
headed about five feet high. These were set at the regulation depth— 
two or three inches deeper than they had been in the nursery row. 
These Wealthy trees were planted in a row along the east side of 
the main apple orchard, between the apple orchard and the house 
yard. It happened that the space west of the trees was kept culti- 
vated up to the time of digging the trees out, while the space east of 
them had not been cultivated since 1903. By 1910, two of the trees 
were dead and the two remaining were in bad condition, especially 
on the east side of each tree. 

In 1905, the main orchard was planted in deep-plowed ground. 
The trees set this year were set in holes dug in dead furrows and 
about half a barrel of water was put into each hole before planting 
the trees. It was a very dry time when the trees were planted, but 
all of them lived. ‘These trees were set only a few inches deeper than 
they grew in the nursery. All were headed rather low. These trees 
all grew well. The orchard was kept cultivated so that few weeds 
grew there. Several trees were killed by rabbits the first winter 
after they were planted, but only one died from other causes, and 
it seemed to have been diseased when first set out. 

In 1897, the vacancies in the orchard were filled with apple 
trees which were shipped from an irrigated nursery. All these 
trees were headed from four to five feet high. As the high-headed 
trees set in 1894 had grown very little during the three years they 
had been planted, it was thought best to set these deep enough so 
that the heads would be the proper height. Deep holes were dug, 
and they were planted two to two and a half feet deeper than they 
grew inthe nursery. They all grew well and were soon larger than 
the trees planted in 1894. In the spring of 1910, these deep-set 
trees were as large as some of the trees set shallow in 1895. 

When the orchard was planted, the trees were set so that each 
tree occupied a space nearly twenty-three and one-half feet square. 
When the orchard was inspected in the spring of 1910, branches 
were almost meeting in many places. When the orchard was 
trimmed, one-third of the trees were marked for cutting out in or- 
der to give room for further development. At this time, the trees 
were from six to twelve inches in diameter at the ground. 


This orchard had grown entirely with the water which fell 
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upon its surface, except such as was brought to it during the first 
twelve years by a few furrows which carried storm water from 
about forty acres of prairie. But it had received no water from this 
source since 1907, when the prairie adjoining was plowed. During 
three years, it produced quite good crops of apples, and some fruit 
has been borne every year since 1900. 

The Substation orchard is one of the best Dry-Land orchards 
in eastern Colorado. But, its history shows that the trees have 
needed extra water at some time during the year every year since 
they began bearing fruit. If, at this critical time, a barrel of water 
could have been given to each tree, much more fruit would have 
been borne and it would have been of better quality. 

The foregoing paragraph applies especially to apple trees. The 
cherry and plum trees produced good crops without extra water 
nearly every season until they began to suffer from old age. But, 
it is quite probable that they too would have given larger returns 
had they received extra water at some time during the year. By 
1910, all the plum trees and nearly all the cherry trees were dead. 
Gooseberries bore well during the years 1896-1900. By that time, 
they needed thinning and resetting. As this was not done they bore 
but little fruit during the later years. 

Forest trees were planted for windbreaks around the orchard 
and along the north side of the farm. Honey locust, black locust, 
Russian mulberry, White elm and Box elder have all done quite 
well. Russian mulberry bore considerable fruit while left untrim- 
med. After they were trimmed, they bore sparingly. Some trees 
bore fruit with fine flavor, while the fruit borne by other trees was 
insipid, and quite worthless. 


ROOT SYSTEMS OF APPLE TREES. 
As we were destroying trees, we thought it well to get some 
facts concerning the development of the root systems. In August, 


1910, we dug up four apple trees and examined the root systems, 
tracing the roots to their ends or until it was impracticable to trace 


fant ete 


them farther. One tree was a Wealthy which was set shallow in — 


1894, one was a Wealthy which was set deep in 1897, one was a 
Mann which was set deep i in 1897, and the other was a Ben Davis 
which was set shallow in 1895. 

Tree Number One.—This was one of the Wealthy trees which 
~ were set shallow in 1894. It was headed high. It was kept culti- 
vated on all sides until 1903. From 1903 until 1910 the ground on 
the west side was kept cultivated, while the ground on the east side 


was not stirred. When dug up, the top of the tree was dead on the - 


east side. Only a few short roots were found on the east side. 
These grew about five feet horizontally and only one foot deep. 


But, on the west side four strong roots were traced ten to twelve | 
bi 


q 
q 
4 
; 
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feet horizontally where they were still nearly one-half inch in di- 
ameter. Judging by other roots which were traced out more com- 
pletely, these roots were probably fifteen or twenty feet long. None 
of them grew deeper than fifteen inches. ‘The tree was three inches 
in diameter. ‘The west side of the tree was alive, but was in bad 
condition. Plate I, Figure 1 shows the tree as it stood in the 
ground, and Figure 2 shows a view of the roots. 

Tree Number Two—This was a Wealthy tree which was 
planted deep in 1897. Its trunk was seven inches in diameter. It 
was found that the roots grew upward until they came near the 
surface, and then grew outward or downward according to the 
soil. ‘Twelve roots of this tree were traced from five to ten feet 
norizontally from the tree where they were cut off when still one- 
fourth to one-half inches in diameter. Six of them turned down 
when three to ten feet from the trunk. These all followed holes 
which had been made by burrowing animals. Two were traced 
three feet, one four feet, one five feet, and two five and’ one-half 
feet deep. And they were from one-fourth to one-third inches in 
diameter when cut off. But nearly all the real feeding roots of 
this tree were in the upper eighteen inches of soil. In few cases 
during the work of digging out all the trees were roots found go- 
ing more than three feet deep, excepting those which followed 
holes. The upper eighteen inches of soil were filled with fibrous 
roots. Roots from other trees were found interlacing with the 
outer ends of the roots of all the trees. One view of the roots of 
this tree is shown in Figures 3 and 4 which shows the tangle of roots 
starting from the trunk. The subsoil here contained many large 
lumps in which they were found many white flakes which are sup- 
posed to be compounds of lime and magnesia. The roots seemed to 
have tried to avoid*these lumps, going around, over or under them 
rather than through them. We expected to find many roots above 
the graft on these deep-planted trees, but none were found on either 
this tree or the other deep-set tree which was dug out. 

Tree Number Three.—Tree number three was a Mann apple 
tree which was set two and one-fourth feet deep in 1897. It had 
grown well and its trunk was about seven inches in diameter at the 
ground. Plate II, Figure 4 shows this tree with roots dug out. The 
top of this tree spreacl about eight feet in all directions. ‘The ex- 
treme tips of the roots, traced until they were only one-fourth 
inches in diameter, spread 33 feet. A few of these roots were 
traced three feet deep. ‘The roots of this tree occupied the upper 
eighteen inches of soil quite fully in a space 30 feet in diameter. 
Many of its roots were traced 15 feet from the trunk. The tree had 
a well-balanced top, and its root system showed a good distribution 
through the soil on all sides. 


PLATE II—4. Tree No. 3 with part of its roots. The roots spread 33 feet. 
5. Stump and large roots of tree No, 4. 
6. Roots of tree No, 4 showing roots spread 33 feet. 
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While digging out this tree, roots of black locust were en- 
countered 30 feet from the nearest black locust tree. In other parts 
of the orchard, we found roots of black locust 60 feet from the 
nearest black locust tree. 

Tree Number Four.—This was a Ben Daivs apple tree which 
was planted shallow in 1895. It had a well-balanced top, and was 
eight inches in diameter at the surface of the ground. It had grown 
well and had borne several crops of fruit. It was healthy when 
cut down. Some of the roots of this tree were quite large, meas- 
uring as much as three inches in diameter where they joined the 
trunk. This tree stood where it got water from the prairie when- 
ever a heavy dashing rain fell. This made conditions favorable for 
rooting deeply. One root was traced five feet down, one was traced 
four feet down and several were traced three feet down. But, the 
most of the feeding roots remained in the upper eighteen inches of 
soil. The main roots were found growing most of the distance 
within one foot of the surface. Fifteen of the large roots were 
traced distances varying from eight to twenty-six feet. One root 
was one-half inch thick at 17 feet and was still one-eighth inch thick 
when broken and lost at 26 feet from the tree. Another was traced 
21 feet. The remaining 13 were traced from 8 to 15 feet. These 
were all cut when one-third to one-half inch thick. The stump 
with roots attached is shown in Plate II, Figure 2. 

In digging out this tree, a Russian mulberry root was found 
which was traced 50 feet from the nearest mulberry tree. This ac- 
counts for the stunted appearance of some apple trees which were 
planted close to Russian mulberry trees. 

CONCLUSIONS. 

1. Trees used for windbreaks for orchards under dry- farm- 
ing conditions are expensive unless the trees of the windbreak 
eroup are planted far enough from the fruit trees so that the roots 
of the windbreak group will not compete with the fruit trees for 
moisture. The root development of the Russian mulberry and 
dlack locust found at The Plains Substation indicate that the wind- 
break group should be planted 100 feet from the fruit trees. 

2. Roots of apple trees do not feed deeply here. If the ground 
about the ones dug up had been plowed twelve inches deep nearly 
ull the large roots would have been broken. 

3. The roots of these trees grew deeper when the soil was wet 
»elow the normal depth. 

4. Deep planting of trees did not decrease the rate of growth. 
Neither did it alter materially the position of the feeding roots. 

5. The Dry-Land orchard is not considered as a commercial 
proposition, but it will pay every settler to plant a few well-selected 
rees and take extra care of them. Nearly all settlers plant more 
ees than they find time to care for, so they lose all. 
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ADOBE AS A BUILDING MATERIAL FOR THE PLAINS. 
By J. W. Adams, Superintendent of Plains Sub-Station 


To the settlers of the plains, the subject of building material is of 
great importance. Comfort, cheapness, durability, and neatness of ap- 
pearance are the elements considered in selecting building material for 
the homestead. 

In this connection, we should like to call the attention of the set- 
tlers of the plains to the adobe buildings, or “Dobeys,” as they are com- 
monly called. ‘hese should not be confounded with the sod buildings. 
I do not wish to cast any reflections upon the “Soddy.” It has served, 
and is still serving a good purpose as a cheap, comfortable house; but, 
at best, it is only a makeshift until the owner can build better. ‘The 
“Soddy” is always settling and cracking the plaster, thus annoying the 
the housewife. ‘The sod wall is an ideal harbor for mice and rats, and 
it is usually short-lived. 

Not so with the adobe building. An adobe house, properly built, 
will cost no more than a sod house and yet be as permanent, attractive 
and comfortable as it is possible to build a house. ‘They do not settle 
after they are dry. Mice do not work in them if they are protected at 
the foundation. They are superior to concrete or cement block houses 
in that they are non-conductors of heat and cold. ‘They never sweat or 
become frosty on the inside, and rain does not wet the walls through as 
it does in many concrete houses. ‘The labor required to build an adobe 
house is no more than that required to build a similar house of sod or 
concrete. 

At the Plains Sub-station, at Cheyenne Wells, we built during the 
summer of 1910 three adobe buildings which have attracted so much at- 
tention and favorable comment that we have decided to publish this bul- 
letin describing these buildings, giving cost of material, time required 
to build them, and describing the process of building so that any person 
desiring to build such buildings may do so. 

We erected these buildings on concrete foundations eight inches 
high. ‘This is not necessary, if one is always careful to keep the build- 
ings banked up to prevent water settling around them. The concrete 
foundation is desirable, however, as a protection against mice and rats. 
These foundations were very cheap, as we used old cement blocks from 
a burned building to mix with the concrete. If rock of any kind is 


- available the foundations need not cost much. 


In planning a building of this kind, we should consider the kind of 
roof to be used and make the dimensions such that it may be covered 


_ with the least possible waste of material. The dimensions being de- 


- cided upon, stake out the foundation carefully. If concrete foundation 
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is to be used it will be necessary to make forms for the foundation. Then 
set good straight posts in each corner and at intervals of 14 or 16 feet 
on the inside of the wall. Line and plumb these posts very careiully. 
If desirable, short stakes may be used instead of posts until the walls 
get above the stakes, then these may be replaced by posts as high as 
the walls are to be. Good, straight 2x4 posts are all right. The stakes 
being lined and plumbed carefully, you are ready to begin the wall. 

Now, take your sod plow, select a patch of prairie where the grass 
is thick and tall—if possible, (avoid sandy soil) and plow a thin sod. 
You may plow enough at one time for the entire buiiding, if desired. 
Select a place tor mixing the adobe near your water supply, if possible. 
With small buildings, it may be desirable to mix the adobe in the center 
of the building, but it will not pay unless your building is so located that 
you cannot drive around it. Haul your sod and spread it in a circle 
not to exceed twelve to fourteen feet in diameter. Make the pile 
about eight inches deep. Now, throw water on this pile until you 
think you have enough to wet the whole pile thoroughly. Then, get on 
a horse and lead one or two others (see cut) and make the horses 
tramp around and around, turning very short. If they are allowed 
to go in a larger circle they will avoid stepping on the higher places. 
After you have tramped a few rounds, you will discover dry places in 
the pile. Throw more water on these places, and continue tramping 
and throwing on water until the whole mass is mucky. ‘The pile will 
have a tendency to spread out and some places will be sloppy while 
others are not wet enough. Then, lead your horses out and take a 
manure fork (a six-tined fork is best) and throw the outer edges of the 
mass toward the center, taking care to throw the drier parts to the wet 
places and vice versa. Tramp again, adding water if needed. It is 
usually best to throw the edges in the second time in order to get the 
mass evenly mucked. 

If you have been unable to get sod with plenty of grass and roots 
to form a fiber in the mud you should add a small amount of straw, 
hay or trash of some kind. Spread it over the mass after it is mixed 
as above described and tramp again until the straw is all tramped into 
the mud. When the mass is thoroughly wet and thoroughly mucked, 
and of such a consistency that it can be handled with a manure fork it 
is ready to be put into the wall. Throw this on a wagon or sled, dis- 
carding any chunks that have not been mucked, draw it alongside the 
wall and place it in the wall with a fork. Drop it into the wall with 
sufficient force to make it settle together solid, leaving no holes or 
spaces. Make as thick a layer as you can without its spreading out too 
wide. Let it spread over the edge of the wall an inch or two on each 
side. Be sure that the mud comes out to the edge of the wall at all 


ADOBE AS A BUILDING MATERIAL FOR THE PLAINS 5 
\ 


places, otherwise there will be holes, or flaws, in the wall when trimmed 
_ As soon as you have made one layer around the wall, if the weather is 


hot and dry, you may be able to start around again placing a layer on 


top of the first, being careful to make the mud fit down on the first 


clear out to the edge of the wall to prevent flaws. When you have a 


layer about 12 inches thick let it stand until it is firm but not dry. 


Select a board with straight edges fourteen to sixteen feet long and as 
wide as the thickness of the wall. Ii the wall is to be more than 
twelve inches thick, two boards of the proper width may be cleated to- 


_ gether to make the required width. Lay the board on top of the wail 


with one edge against the posts, get upon the board and trim straight 
down each edge of the board with a hay knife (See illustration). When 
the walls are trimmed all around in this maner they are ready for 
another layer of mud. Continue until the walls are the desired height. 
Never allow a layer to become hard before it is trimmed or you will 


_ have a hard job. 


The rapidity with which this work may be pushed depends upon the 
weather. If the weather is hot and dry, you may be able to make an 
average of six inches per day from start to finish. Some days you 


_ may put a foot and then let it rest a day or two. If the weather is cool 


or damp the work will go correspondingly slower. In early spring 


or late fall, the work is very slow, and one should not attempt to build 
adobe in winter. 


Keep watch of your walls. If they are not drying rapidly, you had 


‘better lay off a day and allow the walls to dry. It is a very good 


i plan to build two or theree feet and then let it stand a week or so and 


then build two or three feet more and so on until the wall is done. 
The frames for doors and windows may be put in place and the 


- mud built tothem. But, a better way is to trim the openings for doors 


and windows, and fit frames into the openings as soon as the walls are 
as high as the frames are to be. These frames should be of two-inch 
stuff. The top of the frame should be as wide as the thickness of the 


; wall and should extend into the wall a little. When the frames are in 


place you may build over them with the adobe. ‘The walls will shrink 
in drying and draw away from the frames a little, leaving a crack. 
These cracks may be plastered up with a trowel. 

If the roof is to be of shingles or iron, it will be necessary to 
anchor the plates to the wall to prevent the roof blowing off. This 
may be cone by putting fourteen-inch bolts through short pieces of 


_ two-by-four and planting them in the walls as you build so the top 
of the bolt will just reach through the plate. If adobe or sod roof 


is to be used, the weight will be sufficient to prevent blowing off. 
The roof should be leak-proof to prevent water running down the walls 
and softening them. ; 
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PLATE II.—3. Building the wall, 4. Cow barn 26x60 feet inside. 5. Poultry house, 
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We built at the Station this year a cow barn, a hen-house and a 
noke house, or store room. ‘The cow barn is 26 feet wide and 60 
set long, inside. ‘The walls are twelve inches thick and seven feet 
igh, with concrete foundation eight inches high. On the south side 
le walls were built only four feet with adobe. The remaining three 
‘et is framed with two-by-six lumber and enclosed with muslin cur- 
ins. (See illustration. The picture was taken before the curtains anc 
sors were on.) ‘These curtains furnish light and ventilation with- 
at draft. The roof is of corrugated iron. The rafters are 2x4x16 
aced two feet apart. with cripples at the splice in the iron and one 
| the middle of the iron to prevent sagging. The iron is nailed to 
on at edges, lapping two inches. The rafters are supported by two rows 
f 4x4 posts—four feet on each side of the center of the building. 
t the top of these posts, a 2x6 is spiked for the rafters to rest upon. 
The iron was painted on the under side and in the splices before it 
as laid. The upper side was painted after it was laid. The gable 
yds are boarded up with shiplap. Eighteen feet of the west end is 
urtitioned off for feed, and a large door is left in the gable end 
rough which to throw feed. On the south, there are two doors. One 
three feet wide, hung on hinges, and the other six feet wide, hung on 
bular track. 

We have two rows of swinging steel stanchions supported by the 
ume posts which support the roof, leaving a nice feed alley between 
ie mangers. ‘Twenty-eight feet of the barn has concrete ‘loor with 
itters and troughs of concrete. 


The cost of the building in cash and labor is shown below: 


Cement in foundation, $6.60, flcor $23.40 ..............$ 30.00 

Lumber for entire building . iva 1 ht Sy NEE nee 
“NGIRENU ICAI Raa ican seo cha Sanh OTR RR $ 262.74 

MUU TAINO freee St oo, Svs. scoaih lata a een ee 601 hours 

Bin UNEP AINE ke saslee fs co «sp oi) ama 142 hours 


Pouttry House. 


The poultry house is 14x20 feet, inside. The end walls are 12 
ches thick and the side walls are 10 inches thick. ‘The walls are six 
et six inches high at the eves, and nine feet high at the gable. ‘The 
uth wall is only three feet six inches of adobe, the other three feet 
ing’ ice and curtained in winter, and screened in summer. 

The roof is made by laying joists, of 2x6 lengthwise about three 
et apart. The ends are toenailed to blocks laid in the adobe. ‘The 
iddles are spliced and rest on posts. Shiplap is laid on the joists, 
id a kind of tar paper or rubberoid is laid on the shiplap. This is 
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covered with adobe such as is used in the wall. The adobe protects 
the paper and adds weight and warmth to the roof. 

The house is plastered on the inside with a mortar made of sand 
and common soil. We used as much sand as could be put in without 
making the plaster crumble. It has not cracked at all and is as hard 
and smooth as lime plaster, but it will not stand wetting. This makes 
as good a poultry house as it is possible to make. It is neat, warm 
and light. The muslin front furnishes light and ventilation without 
draft. 


The cost of building is shown below: 


Cement $1.80; lumber, mails: etic: $29.44 95 een ee neers $ 31.24 
Man. “labor: Ack ee ee eee Gait 
Meat labor: eg ta) aceon neers 42 hours 


Store Room, or Smoke House. 

The smoke house is 14x14 inside. The side walls are 10 inches 
thick and the end walls 12 inches thick. The height is seven feet at 
the eaves and nine feet at the gabels. It is built on the sanic plan as 
the poultry house, except that we have two four-light single-sash win- 
dows instead of curtains. It is plastered with cement instead of 
earth. We have four 2x4 pieces crosswise just beneath the plates. 
Boards can be laid on these to form a small attic in which to store 
things. 


The cost is as follows: 


Cement $3.00, lumber, nails and paper $21.87 ............ $ 24.87 
Man: labor? a2 caer eee ere 131 hours 


Team rlalbon:ajancreci eam aemereme eincteeeiate 42 hours 


The question will probably be asked why it took so much longer 
to lay up the walls of the smoke house than to lay the walls of the 
poultry house when there is really a little more wall in the latter. 
This can be easily explained. The men who laid the poultry house walls 
‘had continuous work and the advantage of experience and knew just 
how to go at it. But, the smoke house was built at odd times, and by 
severel different men, each having to learn his trade 


THINGS TO BE EMPHASIZED. 

1. Line your posts and plumb them carefully, and your wails ara 
bound to be straight and plumb. 
2. Be sure to make good joints between layers. 

3. Never allow adobe to get hard before trimming. 

4. Never allow dry or untramped chunks of sod to enter the wall. 

5. Never allow water to settle against the walls. : 
Cement and block off on the outside and you have a very attractive 

and durable house. 
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PLATE Il.—THE COLORADO WILD POTATO (Solanum Jamesii) 


1.—Habitat at Tiffany, near Durango. 2.—Size of Tuber as compared with Rurals 
3,—A wild plant with two blossoms and seed ball 


THE POTATO INDUSTRY OF COLORADO 


By C. L. FITCH and E. R. BENNETT 


PREFACE. 


When the cattlemen first established their home ranches in 
our mountain valleys and in the creek bottoms on the plains, they 
found the dark, sandy, alluvial loams good potato soil, rich with 
the wash and willow leaves of ages, and large returns were secured 
for years on these soils. ‘The introduction of alfalfa from Utah 
and California made the bench lands even more productive, and 
when farmers learned how to break and handle the alfalfa sod, it 
proved the greatest factor in the extension of potato growing and 
of irrigation development generally. The total output was doubled 
from the same areas in a few years’ time and the possibilities of 
profit woke up the state. 

A little later the fine shape and wonderful quality of mountain 
potatoes became known outside the mining and lumber camps, and 
railroads saw the possibilities of agricultural freight, and farm 
development. 

Somewhat later the newer districts made so many demands 
upon the Agricultural College for advice and instruction that the 
Board of Agriculture secured a potato specialist to work for the 
growing industry. The attention of growers and of business men 
generally was called to the geographical position of Colorado with 
reference to the production and consumption of potatoes and the 
specialist went up and down through the mountains as an instructor 
and adviser to the newer potato districts. In connection with the 
Rio Grande Railroad and the department of Farmers’ Institutes, 
Professor Cottrell took expert potato growers to the newer moun- 
tain districts, and later three special institute trains were run by 
the railroad and the college that were of great use, both to the 
railroad and to the people along its line. 

In 1895 Colorado put in 37,000 acres of potatoes and produced 
three and one-half million bushels and ranked as the twentieth state 
in the Union in total potato production. Next year she was twenty- 
second. In 1900 she was twenty-third. In 1902 Colorado rose 
suddenly to sixteenth place in the Union. In 1903 she was tenth, 
and since that time she has held about that position. In 1906 her 
crop fell to the sixteenth, and in 1909 it rose to the ninth state. 
This year the August freeze at Greeley has lowered her position 
again to the twelfth place. The acreage in 1910 was 64,000. 

In money value per year her crop in fifteen years has grown 
from a little over a million dollars to an average, since 1903, of 
more than four millions of dollars, with the highest total in 1909 
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of $5,928,000. The production in bushels has risen from three and 
one-half millions to an average of between seven and eight, with 
the high point in 1909 of 10,400,000. 

As to the future, more acres will be put in to potatoes, and 
great increases in production are to come from better methods. 
Better understanding of seed potatoes and the laws of productive- 
ness are to be a big factor. Improved strains and improved varie- 
ties will count a great deal, and we are beginning the work of 
developing such strains and varieties. 

It is calculated that improvements in varieties and seed stocks 
can workably affect a minimum increase in quality and value of five 
per cent., and associated with it will be an additional yield of at 
least as large an amount. If we figure only ten per cent. on a six 
million dollar crop, and another ten per cent. in possible betterments 
of methods, the economic prize to the state is well worth reaching 
out after. Colorado has been ambitious for her potato industry and 
its expansion, and liberal in her provision, that no industry be 
better served, and that the experience of all be gathered and made 
available to all, to the end that potato growing shall be nowhere 

_on a higher plane of intelligence, service or profit. 

With this brief general glimpse of the potato industry of Colo- 
rado, and its relations with the college, we will plunge into a de- 
tailed account of potato growing and its problems, designed for 
the use of Colorado growers, of those interested in the crop com- 
mercially, and of high schools in potato districts. ‘To it is appended 
a report of field work in IgIOo. 


TuE Potato INDUSTRY OF COLORADO. 5 
INTRODUCTION. 


THE POTATO CROP. 


More weight of food is produced by potatoes than by any other 
rop of the world. In number of bushels the potato far exceeds 
ny of the great cereal crops of the world; wheat or corn or the 
ice of the Orient are far behind it in total production. 

Per Capita Consumption.—While the potato is universally used 
mong American people, the consumption per capita is notably less 
han in Europe. According to the statistics of the Department of 
\griculture, the crop of the United States is not far either way 
rom 300,000,000 bushels per year, or 31% bushels per capita. Ger- 
nany, a country that is a little more than twice as large as Colo- 
ado, produces 1,600,000,000 bushels, or from five to six times as 
nany as the whole United States. The people of Germany, as well 
is the people of Ireland, in place of using 3%4 bushels of potatoes 
er year, consume twenty-five bushels per capita. 

Where Grown.—By far the larger part of the potatoes of the 
Jnited States is grown in a few of the northern states. In fact 
Maine, New York, Pennsylvania, Michigan, Wisconsin, and Minne- 
ota produced half of the immense crop of 1909. 

While Colorado is the 1oth or 11th state in production of 
otatoes, she is one of the leaders in the investigation and promo- 
ion of the industry. A little study of potato prices and possi- 
ilities of potato growing will show why Colorado is one of the 
eaders in this work. 


TABLE 1.—Average Yield of Potatces per Acre, in bushels. 
(From U. S. Dept. of Agriculture, Yearbook.) 


Year: | 1904 | 1905 | 1906 | 1907 | 1908 | 1909 |Average 
Woh afal= Dat: Meng ar Pe een 120 93 87 73 78 78 88 
BESCONNSRIN ms..chc wiets acre @ 126 68 97 91 80 102 94 
PETA See TN ee ievevathn) « Iateves"ailalve) ot 121 67 95 90 72 105 91 
oy ABS Raa aine eee 136 80 95 85 80 89 94 
RIMM BOLE ios ile sliewieleele oy 102 87 92 101 76 115 95 
ING NOD <°s sistsioers #16 93 70 105 98 82 120 94 
SNORT: 76 4 ee RP ea 159 160 125 150 125 160 146 


TABLE 2.—Average Farm Value of Potatoes per Acre, on Dee. 1. 
(From U. S. Dept. of Agriculture, Yearbook.) 


Year: | 1904 | 1905 | 1906 | 1907 | 1908 | 1909 |Average 
Hehnigan® 45... 35.09 | $387.52 | $32.36 | $40.50 | $41.76 | $36.75 $37.33 
finnesota ...... 705 68 41.00 34.04 41.41 42.46 42.24 88.45 
VAScOnSIN ......... 35.28 42.16 29.10 40.95 48.00 38.39 38.96 
lebraska 81.20 34.41 45.25 61.10 42.90 46.80 41.94 
WVIGL: via eters sia, a 38.08 39.20 40.85 46.75 48.00 48.95 43.63 
New York 50.22 49.00 51.45 55.86 61.50 60.00 54.67 
‘olorado 58.83 91.20 56.25 99.00 75.00 91.20 78.58 


*These states are direct competitors of Colorado, with the exception 
f New York, whose great acreage gives the state a large influence in the 
otato market of the United States. Maine alone, among the great 
otato producing states, exceeds Colorado in production per acre, but 
faine’s geographical position and large costs of production are such as 
0 exert little influence on the Colorado potato industry. 
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Colorado Yields Compared With Other States ——One half more 
potatoes per acre are shown by Table 1, to be produced annually in 
Colorado than in any of the great potato states mentioned. These 
averages cover the whole state, not only the irrigated parts but a 
large area in eastern Colorado that does not, and never can be 
expected to produce the highest yields. 


Money Value Per Acre.—yYields per acre do not necessarily 
mean high money values. Table 2 shows that Colorado not only 
produces a high average yield of potatoes, but that the value per 
acre is also more than in any of the states mentioned. 


Net Profit—Again, yields per acre, or values per acre, do not 
always mean net gains. The cost of growing must be taken into 
consideration as well as the gross income. In Colorado, by far the 
greater proportion of the crop is grown by irrigation and it may be 
claimed that this increases the cost. This is true, but the cost is 
much more than offset by the fact that practically no fertilizer for 
growing this crop ‘in Colorado is needed, and that in a large part of 
the state no spraying is done for either fungus diseases or insect 
pests. In fact, these two items alone, in many cases, cost more 
per acre in some of the great potato producing states than the total 
cost of production in Colorado. 


Native Home of the Potato——While the potato is a native of 
the tropics, its habitat is at a high altitude. By far the greater 
part of the potatoes grown in the United States are produced along 
the northern border and few are produced in the south. 


Potato Prices, North and South—Last year the price of pota- 
toes in Wisconsin, Michigan, New York and other northern states 
was less than fifty cents per bushel when potatoes were from $1.00 
to $1.10 per bushel in South Carolina, Georgia, Florida and Texas. 


Colorado’s Favored Position.—Colorado is practically half way 
between the producing and consuming regions. This gives the 
growers a great advantage over their competitors in these high 
priced markets. The northern states have the cool climate which — 
adapts them to potato growing, because of their high latitude. Colo- 
rado, because of its high altitude, has practically the same summer 
climate as far as temperature goes. 


Dryness and Sunshine—The northern states have, with their 
cool climate, a tendency toward humidity and cloudiness that Colo- 
rado does not have, and as sunshine is a most essential thing in 
plant growth, Colorado has a considerable advantage in this respect. 


THE Potato Inpustry or CoLoRADO. a7, 
OUR TERRITORY AND ADVANTAGES SUMMARIZED. 


Northeastern Colorado.—Until the present time, the major 
part of the potato production of the state is confined to the Greeley 
district, which embraces approximately 250,000 acres and will be 
nearly doubled by ditches under construction. East along the Platte, 
including the country about Fort Morgan, Sterling and Julesburg, 
potatoes are being grown more than formerly, and the dry land 
growers of these regions are taking greater interest in this crop. 


The San Luis Valley—This valley includes an area of 
3,100,000 acres of land, which is largely adapted to potato growing 
and has untold possibilities. In fact if one-tenth of the area of the 
San Luis Valley were to be planted in potatoes, and should produce 
10,000 pounds per acre (which is not a large yield for this dis- 
trict), the valley would produce one-fifth of the present potato crop 
of the United States. 


The Grand, Eagle, and Crystal River Regions, known as the 
Carbondale and Eagle district, contain many thousand acres of 
land admirably adapted to potato growing but not yet fully de- 
veloped. 


The Uncompahgre and North Fork Valleys comprise more 
than one hundred thousand acres of land, the most of which is 
adapted to the growth of this plant. 


Archuleta, Montezuma, Dolores, La Plata, and San Miguel 
Counties, in the southwestern part of the State, have large areas 
that are well adapted to this crop but not yet developed to any great 
extent owing to a lack of direct transportation. 


Rio Blanco, Routt and Grand Counties have remained largely 
undeveloped for the same reason as the last section, although they 
have many thousand acres as well adapted to the growth of this 
crop as those districts that have become famous. 


A Summary of Advantages: Colorado climate is ideal for 
potato production, eighty-five per cent. of the days in the year being 
fair. 

Colorado soils need no fertilizer for the growing of this crop 
out side of the established rotations. 

Colorado’s geographical position gives a big saving of time and 
freight in reaching the high priced markets of the United States. 

Few of the many potato diseases trouble Colorado growers. 

Colorado’s production per acre, including a large per cent. of 
unirrigated lands, is much greater than that of the great potato 
producing states with which we compete, and the value of the crop 
per acre is about double that of those states. 
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The money received for Colorado potatoes is largely net gain 
to the State as very little money is sent out for fertilizers, etc. 

The potato crop at present brings to the growers approximately 
$6,000,000 a year. Colorado has undeveloped lands enough to make 
the total output several times what it is at present. 


THE BOTANY OF THE POTATO. 


Solanum Tuberosum, is the botanical name for the common 
potato of commerce. It is closely related to the tobacco and tomato 
and to the nightshade, the egg-plant and the buffalo-bur. Other 
species of tuber-bearing Solanums have been domesticated in the 
hope of finding a potato equally as good as tuberosum, and one that 
would be more resistant to fungus diseases. Among these are 
Commersoni, Maglia, and Jamesu, the last being a native of the 
mountains of southwestern Colorado. None of these species have 
ever become valuable as a source of human food. 

What Is a Potato?—Botanically, the potato is a tuber or en- 
largement in a stem or branch, normally under ground, but some- 
times above, even in upper branches when disease or accident has 
interfered with the formation of tubers below ground. Not infre- 
quently growers speak of the potato as a root, or growth from the 
root. The tuber has no connection with the root system of the 
plant. This structure of the potato may be best observed by ex- 
amining the the plant about the time the blossoms are forming. If 
the plant is carefully dug, the small stems will be observed growing 
from the main stem of the potato above the seed piece from which 
the plant came. 


Tuber Stems Vary greatly in length with the varieties. The 
stem of the Pearl is short, and the tubers are set close in around 
the old seed piece. The stems and tubers of a Rural New Yorker 
go more deeply into the soil. ‘The Peachblow has not only a long 
underground stem, but often the stem continues through the first 
tuber, so as to have two or even three tubers on the same stem. 

Potatoes from Seed.—While the plant is usually reproduced by 
cuttings of the tuber, it may be reproduced from true seed, as it 
undoubtedly is propagated’ in part under wild conditions. Many 
of our best varieties of potatoes, however, never produce seed balls, 
nor even perfect blossoms. (For a discussion of this point see 
Bulletin No. 176.) 

The Function and Development of the Tuber—The plant food, 
elaborated by the plant during the summer, is deposited in the tuber 
for the use of coming generations of plants, and a very large part 
of this food is deposited during the last weeks of the plants’ 
growth.* 


*For an explanation of tuber structure see Quality of Potatoes herein. 
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PLATE I1I.—HABITS OF GROWTH 
2. Peachblow. 
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It has been found in several experimnets that where the ground 
and plants are in good condition when the tubers have set, that a 
fair yield of tubers may be obtained, even though the top soil be 
dry so that little more plant food could be taken from the soil. This 
is an important point, in our irrigated districts, as we believe that 
entirely too much water is ordinarily given after the tuber-forming 
season of growth. We believe that where the soil is in fairly moist 
condition at the bottom of the hills when the tubers are one-third 
grown, that the yield will be practically as great if no more water 
is given, as if another thorough irrigation is applied. ‘Those plants 
that die back to the ground each winter as the asparagus, rhubarb 
and lily take care of the plant food by storing it in the underground 
parts. ‘This is also true of the potato except that the food is stored 
in a different part of the plant. If the potato stem or leaf be ex- 
amined during the latter part of the season, considerable quantities 
of starch will be found in the tissue. After the tuber begins to 
form, this starch is rapidly transferred to the tubers. In a field 
at Greeley in 1908 four plots were staked out by us, each of which 
contained 1/100 of an acre and were as nearly uniform as possible. 
The first of these plots was dug August 25. At this time a few 
of the tubers had reached the size of six or seven ounces. The 
plants were in good condition of growth and ‘the soil moderately 
moist. The tubers dug weighed seventy pounds, or seven thousand 
pounds per acre. Nine days later the second plot was dug. In the 
meantime the tubers had very materially increased in size so that 
many of them weighed more than one pound. ‘The total weight 
of the plot was one hundred fifty pounds or 15,000 pounds per 
acre. One week later the next plot was dug, which gave 170 pounds, 
or 17,000 pounds per acre. If the first plot had been dug two or 
three days earlier and the second plot two or three days later it 
would have been found that by far the larger part of the total tuber 
growth was made in two weeks. 

POTATOES MIXED IN THE HILL. 

The Botanist and the Farmer.—The botanist knows that pota- 
toes cross or mix in the seed, and not in the tuber. The grower 
knows, as an actual fact, that he finds different colors and kinds of 
potatoes in the same hill from the same seed piece, and he often | 
vows that the botanist is a theorist. | 

Both Are Right——There is no occasion for bad blood on the: 
subject. There is the highest authority that both are right. Just 
as Albinos are born in human families, or as peaches and apples 
sometimes have limbs whose fruit varies from that of the rest of 
the tree, so white potatoes come in purple hills, or purple in whit 
hills, or round ones among long tubers, by natural variation, or 
coming up of diverse inheritance. 


x 
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The Origin of Many Varieties —By bud variation White Pearl 
potatoes came from Blue Victors,* White Ohios from Red Early 
Ohios, and Red Peachblows from the old spotted Jersey Peach- 
blow. Thus, of the above Colorado standard varieties, three came 
“mixed in the hill,” although they did not mix there, and only our 
Rural came to be what it is without this factor. The Rural came 
direct from the seed ball and so did the regular Early Ohio—the 
latter a cross between the Hebron and the Peachblow—“mixed,”’ 
or crossed in the seed ball. 


HISTORY OF THE POTATO IN COMMERCE. 


The Potato Was Discovered in 1532 by the expedition of 
Pizarro near Quito in Peru, where it was cultivated at an elevation, 
they thought, greater than the line of eternal snow in Europe, and 
was found growing wild still higher above the tilled lands of the 
Incas. 


Spain, Italy, and France soon saw specimens of the tubers, 
first as botanical curiosities and then as a possible source of food 
for peasants. In 1586 the plant was brought to the attention of 
Queen Elizabeth of England. As late as 1719 the potato was not 
listed in a garden manual in England which purported to be com- 
plete. Somewhat over 200 years ago, interest had been shown by 
English landlords in the growing of potatoes for food for their 
Irish tenantry and the crop soon thereafter became important 
throughout Europe. 


Germany, Russia, Austria, and France, in the order named, lead 
the world in the total production of potatoes. Their use as food for 
stock, as a source of alcohol for mechanical and household purposes, 
and as a source of starch for cloth makers and laundries, is now a 
great. factor in the consumption of the potato. 


Why Grown.—Climate and the cheapness of the potato as a 
food (with no process of manufacture needed) among people where 
cheapness is desired or imperative, together with the small knowl- 
edge required for moderate success with the crop, have been the 
chief factors in the extensions of potato culture. The appreciation 
of good potatoes as a staple food is a later factor. 


*In a field of White Pearls in 1908 we found in different hills two 
potatoes which had small purple spots covering eyes. These tubers were 
planted that winter in the college greenhouse, the purple and white eyes 
separately. The potatoes grown from these pieces came true in color 
to the color of the eyes planted, and they were planted in the field at 
Greeley in 1909, again coming true in color except for some white streaks 
on the purple variety. This stock was planted in 1910 at Del Norte and 
again came true each to its color. These are the ‘‘White-Hye Pearls, 
and ‘‘Purple-Eye Pearls,”’ noted in the Del Norte Tables. 
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Corn, Tobacco and Tomatoes have remained to a great degree 
American crops, the tomato having been the last to enter use on a 
commercial scale, and that almost entirely in America. Cotton 
came to us and we lead the world in its production. It has been 
the reverse with the potato. South America, its home, produces 
less in total than Colorado, and the potato crop of the United States 
is insignificant as compared with that of Europe. 

The Potato as Freight is important, because it is better economy 
to grow it in the north, or in the high altitude districts, and trans- 
port it south, than to grow it in the uncongenial climate of the 
south. The weight of the potato crop of the world is nearly half 
more than the leading grains—wheat or corn—and nearly three 
times the weight of the world’s rice crop. The average crop, in 
tons per acre, of potatos in Colorado, is about six times that of 
grain. Fully as large a per cent. of the potato crop is shipped by 
rail as of wheat or corn, and potatoes pay a higher freight rate. 


QUALITY IN POTATOES. 


Table Quality in potatoes is an important factor in the de- 
velopment of the industry in the United States. All but a very 
small per cent. of the potatoes grown in this country are used for 
human food. When the quality is high the amount consumed per 
capita is considerably more than in years when the quality is low. 
Attention on the part of the growers to producing smooth, white 
fleshed, mealy tubers will increase the per capita rate of consump- 
tion. 

What Constitutes Quality—From the American standpoint, 
the popularity of the potato as a food depends for the most part 
upon its starch content, because in the United States the consumer 
demands a mealy potato. In continental Europe, France in particu- 
lar, a soggy potato is preferred. ‘The amounts of starch and other 
ingredients vary with the variety and also with the conditions under 
which the potatoes grow. C. F. Langworthy in the Yearbook of 
Agriculture gives the average chemical analysis as follows: ‘The 
edible portion of a potato is 78.3% water, 2.2% protein, .1% fat, 
18.4% carbohydrates (principally starch), 1% ash or mineral 
matter.” 

A Thin Cross Section of a potato held to the light will show 
that the tissue is composed of several different layers or areas. The 
outside skin corresponds to the bark of the stem; inside the bark is 
the sap wood or vascular tissue which in the potato is known as the 
cortical layer. ‘This is readily distinguished as a layer from one- 
eighth to one-half inch thick just under the skin and is bounded by 
a dark line of fibro-vascular tissue. Inside this line is another area 
that is ordinarily of about the same density as the cortical, known 
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as the external medullary area. ‘This corresponds to the heart wood 
of the stem. Inside this area is an irregular tract of much more 
transparent tissue. This is called the internal medullary area and 
corresponds to the pith wood of the stem. 

Proportions of Each Layer—The French chemists, Coudon 
and Bussard, give these different areas that make up the body of 
the potato in the following percentages, as average, by weight: 


POAVOIOPes Ory Shin. eee re ee 8.79% 
Conan ERG gametes OCC), UES eed a ane 36.19% 
Pecteral medullary ateace ee see le os a tient 34.17% 
Povernalimediullary areas. 2.26.0 ee 14.96% 


Chemical Composition of Each Layer.—The following table 
taken from their analysis shows the relative amounts of starch and 
nitrogenous matter in these different areas: 


: Starch Nitrogenous Water 
per cent, matter per cent. 
Cortical layer and skin....... 19.42 1.99 74.79 
External medullary area..... 16.29 2.14 77.44 
Internal medullary area...... 11.70 2.31 82.16 


Thick Cortical Best—As will be seen the cortical layer is richer 
in starch than the outer medullary and both of these are very 
much richer than the pith or inner medullary area. Consequently 
the potato with the thickest cortical layer contains the greatest 
amount of starch. It is also true in this table that the per cent. of 
water and total nitrogenous matter increases from the outside to 
the center of the potato. This analysis was made from three Euro- 
pean varieties which were bred for nitrogen content rather than 
for starch. Analyses made at the same time, however, show that 
while the total nitrogen increases from outside to center, the per 
cent. of proteid nitrogen or that which is digestible, to the total 
nitrogen decreases from the outside to the center.* 


*H. M. East, in a bulletin published by the Illinois Experiment Sta- 
tion, makes the following observations in regard to physical structure 
and quality in potatoes. 

“Microscopic examination of the structure of the potato bears out 
the chemical analysis of the different zones, 

“The cortical layer, below the first few layers of cells which are re- 
moved with the skin, shows a markedly larger amount of starch in the 
cell than does the internal medullary layer. The starch content of the 
external medullary layer is also greater than that of the internal. The 
grains of starch in the cortical and external medullary layer besides 
existing in greater number per cell are generally of larger average size. 
The paucity of starch in the internal medullary area causes the cells to be 
only partially filled with the cooked starch and the cell walls are scarcely 
ever ruptured. In the cortical layer, on the other hand, the amount of 
starch is such that in the swelling due to cooking, the cells are filled 
completely and many of them ruptured causing the mealy appearance 
so much desired by the consumer. 

“It is quite evident then that potatoes having so far as possible a 
homogeneous flesh and containing as large amount as possible of cortical 

and outer medullary layers in proportion to the inner medullary layer, 
| should be the finest quality.” 
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Where there is a shortage of starch in the cells the cell walls 
retain their structure and the water contained in the potato is not 
all taken up by the starch with a result that the potato is soggy, and 
not mealy. 

A Microscopic Examination of different potatoes shows that 
the starch granules differ in size with the different varieties. In 
comparing Snowflake with Pearl it is found that while the Snow- 
flake has a large quantity of starch granules the average is much 
smaller than in the Pearl. The greater number apparently makes 
up in this case for the size of the granules so that ordinarily com- 
paratively little difference is found in the mealiness of these two 
varieties when each is properly grown. In general, it may be said 
that the Snowflake is finer grained when cooked than the Pearl and 
very much finer than the Peachblow, probably owing to the differ- 
ence in the size of the starch granules. 

The Degree of Ripeness of the tuber has much to do with its 
chemical constituents. The unripe potato is usually richer in nitro- 
gen but decidedly deficient in starch content. A high starch con- 
tent does not necessarily mean a good flavored potato. The German 
potatoes that are grown for alcohol and starch making, are richer 
in starch than the better varieties that are used for culinary purposes, 
but -are decidedly deficient in flavor. 

What Causes Flavor in a potato is not known. There is ap- 
parently the same difference in varieties of potatoes in regard to 
flavor as with fruits, only to a lesser degree. Freedom from dis- 
ease of any kind, absence from exposure to light, and mechanical 
texture, are known to be large factors in potato flavor. 

Market Standards are largely set by size and appearance of the 
tubers. It has been found that a tuber weighing from eight to 
twelve ounces is the most desirable both from the standpoint of 
economy in handling and cooking and from the standpoint of 
quality. Very large tubers are apt to be coarse in texture and 
frequently hollow in the center as the result of the breaking down 
of the pith cells. ‘This tendency toward being hollow is a varietal 
characteristic, but all potatoes are more or less subject to it when 
overgrown. The large potato is also more apt to be deep eyed than 
the medium sized tuber. 

Loss in Paring —Few people realize the loss of food material _ 
in paring the small, rough or deep eyed potato. ‘The following © 
table shows comparative losses from paring different sized tubers: q 


| Original weight Pared weight | Loss | Loss % 
SIMOOCH > croc cleo suetsiare el 10% oz 8% OZ, 1% oz. 15% 
SAO OCI) Speieis cisipieisvelaneia 61%, 0Z 5 OZ. 1% 02. 20%, 
SE EeeVevey 4 oe rn eae Seem ue 334 0Zz 2% OZ, te OZ, 24 (i 
PERU Tso airs pst orien emo ecb 7% oz 5% oz. 2 oz. 26%," 


*In cracked, very rough, or deeply flea-marked potatoes we find a 40% 
loss in paring often unavoidable; and in extreme cases this loss may run 
to 75%. a 
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Loss of Food Value—tThe loss in weight is not the only serious 
part of paring away the tuber. As has been shown, the food value 
of the area of the potato just beneath the skin is much greater than 
the center of the potato. Where potatoes are particularly rough 
it will be seen that not only is one-fourth of the weight of the 
potato removed but considerably more than one-fourth of the real 
nutriment of the tuber is lost, and that of the best quality. 

HOW TO DETERMINE GOOD POTATOES ON THE MARKET. 


Color no Guide—lIt is not uncommon to hear consumers say 
they always use certain colored potatoes as they have found them 
to be better in quality than some other color. So far as has been 
determined, there is absolutely no correlation between color and 
quality. Certain markets demand a certain colored potato to the 
exclusion of all others simply because they have been educated 
to that color. In fact, if it were desirable to do so, it would be 
possible by breeding to change the color of nearly any of our pota- 
toes from white to red or the opposite. 


The Appearance of the Skin indicates the quality of the potato. 
When the skin of a given variety is smooth and more or less trans- 
parent with what is called a “baby skin,” and the potato has a 
soft spongy appearance, it is usually deficient in starch and is apt 
to be soggy. This condition is usually the result of immaturity of 
the tuber. The tuber should have a russeted appearance due to 
crackled skin; and it is usually considered a mark of good quality 
when the potato is well covered with lenticels. The degree of rus- 
seting differs with varieties but with a given variety the more 
russeted potatoes are the better in quality.* 


The Amount of Irrigation given to the plants has much to do 
with the quality. It has been found in Colorado that soils that are 
well drained, and particularly those soils which are newly broken 
from prairie or sage brush, usually give better quality than older 
soils that are more retentive of moisture. Where irrigation is 
stopped early to allow the potato to mature in a dry soil the quality 
is greatly improved over those that mature in a wet soil. 


Proper Irrigation a Help to Quality.—The growth of the tuber 
may be controlled under irrigation so as to produce the highest 


*Gilmore of the Cornell Experiment Station found that with most 
potatoes those growing close to the surface were not so good quality as 
those grown deeper in the soil, doubtless because the deep grown tubers 
set first and had a longer season with greater ripeness. It has been found 
also that where plants reached a natural maturity before the vines were 
killed from disease or frost, the tubers were superior in quality to those 
from plants destroyed previous to this condition. 
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quality possible, as water may be given as needed, and in Colorado 
diseases rarely prevent the plant from reaching full maturity before 
frost. Where early irrigation can be practiced, and tubers can be 
set early, they reach fuller maturity and finer quality. The natur- 
ally dry climate of our State makes it possible in most seasons to 
mature potatoes in dry soil. 

VARIETIES. 


Success or failure in potato growing depends most vitally upon 
selection of the right variety. 

The White Pearl.——This variety, known as Peerless in the 
eastern states, is adapted to more conditions and soils in Colorado 
than any of the others that have been grown. At least two-thirds 
of the potatoes grown in Colorado are of this variety. It is a 
standard at Greeley and in the San Luis Valley and does well on 
the West Slope and on dry land farms. The Pearl, in season, is 
neither early nor late. As this potato is the most common one 
grown in Colorado we shall use it more or less as a standard by 
which to compare other varieties. 

The Rural New Yorker No. 2.—This standard variety, the 
leading sort in the United States, is ordinarily a little smoother and — 
more uniform in size and shape than the Pearl, and is from a week 
to ten days later in season. It is somewhat more subject to dis- 
eases other than early blight, and is influenced by adverse weather 
conditions more than the Pearl. In the Uncompahgre district it 
seems to be even better adapted to the climatic conditions than the 
Pearl and gives fully as large yields. i 

The Peachblow, wrongly known as Red or White McClure, — 
is the potato with which Carbondale has made her name as a potato — 
growing district. This potato is fairly uniform in size and quality — 
but seems to be adapted only to the best environment. At Greeley, 
this variety quickly degenerates and changes its color and character- _ 
istics. It is the excellence of Carbondale conditions for potato 
growing and not any particular variety that has made the region © 
famous. ; 

The Ohio Family, the leading early potatoes of the United © 
States, are characterized by high quality, extreme earliness, low | 
vitality, and moderate or low yields, with a tendency to poor shape. — 
To this family, all much alike, belong the Adriondack, Six Weeks, — 
Acme, and White Ohio. 

Other Varietics—*The Irish Cobbler is a strong competitor of 
the Ohios, and is already displacing them to some extent in Colo- 
rado. ‘The Charles Downing, a close relative of the Snowflake, is 
of excellent quality and is desirable in some localities for mid sea- 


*See Early Potatoes for comments on the Cobbler, 
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son market. In the San Luis Valley, a potato known as Monroe 
County Prize, has been grown for a long time and is a desirable, 
long potato. ‘The Russet, grown in the Carbondale district, is a 
high quality, early, long potato of great promise in our mountains. 
See Field Experimentation for the undesirability of any other sorts 
than those mentioned here. 


SOILS. 


What is a Potato Soil—tIn a very general way this question 
may be answered by saying that potato soil i iS deep sandy loam, with 
some sort of under drainage. Potato growing in the Greeley dis- 
trict is on soils that range from light sand to heavy clay. The 
underlying stratum of most of this district is coarse gravel at a 
depth of from one to several feet. Some of their best lands are 
deep medium sandy loams underlaid with porous white clay either 
above gravel or in connection with a good slope.* 

The Character of the Subsoil appears to be more important 
than the character of the surface soil. In fact some of the heavier 
soils of the district where underlaid by gravel at two to five feet, 
are among the best of the potato sections of the district. 

In the San Luts Valley, which is an old lake bed, there are con- 
siderable areas that are inclined to be gravelly, although the soils 
there vary from light sand with gravel subsoil to heavy clay or 
adobe. Some of the best potato soils are those of the river bottoms, 
composed of river sedimentation and wash from the surrounding 
hills. 

On the West Slope the deep red sand stone soils are among the 
best adapted to potato growing. The gray wash or till soils from 
the hills are also good. The Carbondale district and some of the 
mesas of the Uncompahgre and North Fork Valleys are of the red 
sand stone character and are particularly adapted to this crop. 

Adobe Soils in these districts are often used for potatoes but 
with constant risk of bad seasons and damage from soil diseases, 
owing to the tendency of these soils to become puddled. Greater 
care is necessary in cultivation and in irrigation, and even where 
the greatest care is used rains frequently compact the soil so as to 
stop tuber formation. ‘This is particularly true of the soils on the 
college farm. 

Potatoes Unsuccessful on Most Heavy Soils —We have planted 
potatoes on this kind of soil at Fort Collins for the past five years. 
The cultural methods used have been similar to those which give 


“Their most common soil is that which is designated by the Govern- 
ment Soil Survey as the Colorado fine sand, Other soils of the same dis- 
trict are those known as the Billings loam, Colorado sand, and Billings 
clay loam. The soils of the river bottom known as the Laurel sand loam, 
also grow potatoes, 
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success in the Greeley district. All these crops but one have been, 
practically, failures.* 


*The first year the cultivation was largely with a shallow cultivator. 
While the soil was kept loose on the top it was not loosened at a sufficient 
depth to affect the tubers, and almost total failure resulted. 

The second year about two acres were planted on the west college 
farm.and cultivation was given soon after planting. In this cultivation 
the soil was loosened to a depth below the plowing, or from nine to 
twelve inches, A second cultivation of the same character was given 
soon after the plants appeared above the ground. No more cultivating 
was done but the land was ditched twice with a shovel plow which was 
equivalent to at least one cultivation. Although this soil is decidedly 
heavy, these cultivations loosened up the soil below where the tubers were 
formed. No heavy rains occurred to pack this soil and at digging time 
the soil was loose as deep as the tubers were set. This year a good crop 
was secured, 

The third year the same ground was again planted to potatoes, mak- 
ing it the second crop after alfalfa, and another plot was planted on 
freshly broken alfalfa land. The same kind of cultivation was given and 
the soil kept in the best of condition till the middle of July. At this 
time the potato tops were sufficiently large to cover the ground and the 
tubers had reached the size of from one-half to an inch in diameter, Heavy 
rains following for one week packed the soil to such a condition that a 
spade was required to dig into the hills. After this packing of the soil 
there was practically no growth of tubers and although a month elapsed 
before frost came, and there was no disease of importance to be found, 
the tubers did not reach marketable size, 

The same season a plot of nearly an acre was planted about three 
weeks earlier than the main crop. Heavy rains followed this planting 
and caused the soil to become packed and sticky. A good stand of plants 
was secured but most of the plants became diseased soon after pricking 
through the ground, and no amount of cultivating could loosen this soil 
sufficiently to even make a good growth of vines. Almost no tubers were 
secured from these plots, 

The fourth year the same plots were planted again with an additional 
plot of freshly broken alfalfa land. This year’s experience was to a great 
extent similar to the year previous. Dry weather prevailed during the 
early part of the season which gave the plants a good start in loose soil; 
later in the season heavy rains packed the soil about the time that tuber 
growth commenced. These plants were comparatively free from disease 
but made very little tuber growth although the vines were of average size. 

What tubers were formed in the compact soils during these three 
years of failures on the college farm, were distorted in form so as not to 
follow the type of the varieties. 

The fifth season (1910) potatoes were planted on another plot of 
freshly broken alfalfa, with soil similar to the other place. This season 
heavy rains followed the plowing even before the potatoes were planted. 
In order to overcome the packing of the soil by the rains a deep cultiva- 
tion was given this soil before planting. This went far toward putting the 
soil in better condition but tended toward drying the soil more than was 
good for the plants, A fair stand of plants was secured, however, and 
growth was about normal until the latter part of the season when heavy 
rains again offset the work of deep cultivation. Some marketable tubers 
were secured but as a whole the crop was a failure. 

This experience is not only true of the plots on the college farm, but 
is the experience of growers for the past twenty years in a large part 
of the districts along the foothills of the Hast Slope, and in the Arkansas 
Valley. 

We believe that the character of the soil in regard to being packed 
by rains in addition to their becoming sticky and so excluding air, during 
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GETTING LAND READY FOR POTATOES. 


Preparing Raw Soils.—It is better for the grower to break raw 
lands during the summer of the year previous to growing the crop. 
This puts the soil in better condition for taking and holding water 
and for culture than where the raw soil is broken in the spring before 
planting. New land in Colorado seldom produces the maximum 
yield of potatoes, because it is deficient in vegetable matter and 
therefore in nitrogen, while the physical condition of the soil can 
never be gotten in the best shape the first year. 

The Best Crop for Subduing Raw Lands in Colorado is un- 
doubtedly the potato, even for soils really too heavy for this plant. 
No crop puts the land in so good condition for the succeeding crop, 
or for leveling and getting the land into alfalfa. ‘The continuous 
cultivation of the potato crop, the irrigation, and then the digging 
in the fall (which is a far better mulch than a fall plowing), leave 
an exceedingly favorable physical and chemical condition of the soil. 

Various Rotations—In northern Colorado the most common 
rotation is, potatoes two years, followed by grain as a nurse crop 
for alfalfa, then alfalfa as a hay crop two years—a five year rota- 
tion. Where diseases have interfered with the potato crop, this is 
sometimes changed to potatoes one year, grain one year, potatoes 
one year, grain and alfalfa one year, alfalfa two years, then back 
to potatoes. Where the canning of peas has become an industry, 
peas have been grown between the two potato years in the place of 
grains. On the west slope the rotation for the most part is similar 
to that in northern Colorado. Sugar beets are often used in place 
of the second year of potatoes. 

In the San Luis Valley the rotation is largely potatoes one year, 
peas one year, grain one year. 

Alfalfa, Peas or Clover used in rotation prepares the land for 
potatoes by improving its physical condition and furnishing the 
necessary nitrogen. Experiments made by Paddock and Rolfs in 
the Greeley district showed that the use of a commercial fertilizer 


the middle of the season, is largely accountable for failures to grow crops 
in these districts. These soils for the most part are not only heavy at the 
surface but are underlaid by a stratum of almost impervious clay, In 
the Greeley district even the heavy soils are for the most part underlaid 
by a gravel stratum which makes good drainage and which appears to 
prevent the packing of the soil. At almost no time in our experience in 
growing potatoes at Fort Collins, has there been a season when it was 
possible to dig into the ridge where the potato plants were growing, with 
the naked hand. At Greeley it is usually not difficult to dig the potatoes 
with the naked hand even where they are from six to eight inches beneath 
the surface. This, we believe, in a great measure accounts for the differ- 
ences in soils as to their ability to grow potatoes. However, it is found 
that in the high altitudes and in some places of the West Slope potatoes 
are grown in soils that are apparently heavier than that of the college 


farm, 
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did not materially increase the yield in potatoes and consequently 
that the expense was not justified. Where manure is obtainable, the 
yield of all crops for several years is increased very materially. 
Where potatoes are grown on feeding or dairy farms the manure 
has very materially increased the yearly total production per acre. 

The Breaking of Alfalfa—Previous to 1886 it was thought 
that alfalfa could not be broken for potatoes. Up to that time the 
yield of potatoes in the Greeley district had been gradually decreas- 
ing; since that time much progress has been made in the methods 
of breaking and handling alfalfa land, and the yield of potatoes 
per acre has shown a great increase. The rotating or small harrow 
and the two-way plow with five and six horse hitches mark the 
highest advancement in alfalfa breaking. 

Turning Alfalfa Under—On heavy soil, plowed and planted 
late, it is not uncommon to allow alfalfa to grow in the spring to a 
height of ten or even eighteen inches at the last before plowing. 
This alfalfa is broken by plowing not less than eight inches deep, 
with a broad or alfalfa shear longer than the furrow width and 
flattened to sever the alfalfa root before the moldboard lifts the soil. 

Heading Alfalfa is a system of great merit growing in use. 
The land is plowed in the fall or early spring as shallow as it is 
possible to cut the alfalfa roots below the crown. Then the harrow 
follows the plow and brings the severed alfalfa crowns to the sur- 
face so that they may be dried out and killed. After the alfalfa 
crowns are dry and dead, a second plowing is given the land, this 
time going down eight inches or so. Alfalfa roots never send up 
sprouts so that if the root is cut below the crown and the upper 
portion is killed no further trouble will be experienced. The great 
trouble with planting on alfalfa ground has been that after the 
alfalfa is turned over, sprouts start from the crown and continue to 
grow during the season. See Cultivation. 

Clover and Peas used in place of alfalfa give no trouble of this 
sort but are not equal in fertilizing value, though the soil is left by 
either in very fine condition. 

TIrrigating Before Plowing.—While in northern Colorado there 
is usually sufficient rain to make it possible to plow during May 
without previous irrigation, still where water is at hand, both at 
Greeley and in other parts of the state, where the rainfall is less, it 
is desirable to irrigate before or after planting, and this is best done 
before plowing. In any case the plow should be immediately fol- 
lowed by the harrow. 

The Smoothing Harrow.—The usual practice is to plow from 
morning until near noon, then unhitch and harrow what has been 


plowed in the forenoon before leaving the field. The same should _ 


be done in the afternoon. This harrowing establishes a soil mulch 
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and conserves the moisture which is needed to start the plant, and 
also warms the ground by preventing evaporation. Before planting, 
the soil should be leveled and thoroughly harrowed, or disked and 
harrowed so as to secure an even seed bed, fined to a depth of three 
or four inches. 


EARLY POTATOES. 


The Early Potato, a Small 
Plant.—It is impossible for an 
early potato to rival in production 
a larger later sort. An early po- 
tato of maximum yield is a seeds- 
man’s dream. However, we 
should study to secure from an 
early sort its maximum yield. 
This will be done by growing a 
large number of plants per acre. 

A Good Start, above all 
things else, is the very founda- 
tion stone of early potato grow- 
ing. This does not mean planting 
before ground and season are 
ready, but it does mean good soil 
fall plowed perhaps and everlast- 
ingly spring tilled, and ditching, 
irrigating and re-levelling before 
planting if the moisture condition be not right. Mellow surface 
with moisture both shallow and deep are absolutely required for 
success. 

Close Planting both in the row and between the rows with 
slope enough to run water in small ditches, rich loose soil, special 
tools for narrow rows,* small footed and narrow tread horses or 
mules are needed for success with early potatoes. 

Low Altitutde is not Essential to the growing of early pota- 
toes. It is best done at from 5,000 to 7,000 feet elevation and such 
regions can supply the market soon after the Kaw Valley, while 
from 8,000 feet earlies can supply the market all of September. 
The cool summers, with slope and sunshine, make it possible to 
force potatoes with water, in ways impossible eleswhere without 
causing ruinous disease. 

Potatoes in Orchards should be of early sorts so that the irri- 
gation, tillage, and digging may be past in time for the new wood 
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ee 
A Hill of Triumphs. 


*Wunds permitting, in 1911 and 1912 we hope to work out special 
tools and methods for growing early potatoes in Colorado. 
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of the trees to mature well before winter; and early potatoes are 
one of the best crops that can be grown in an orchard. 

Varieties of Early Potatoes ——The Ohio, White and Pink, leads 
all others of the United States in quantity and quality among truly 
early sorts. ‘The Irish Cobbler is next and has spread from Maine 
west and south because it is a handsome white potato, free from 
the knots and cracks that disfigure the Ohio. It is nowhere (we 
have inquired and tested widely), good eating, except in our best 
mountain regions, where all potatoes are good. In Wisconsin, 
Kentucky, Nebraska, and on our own dry lands, it is inclined to be 
coarse grained, hard, and yellow fleshed. The Bliss Triumph, of 
which we have a white as well as a red sort, is the leading first 


Potatoes in a Young Orchard 


early of the south and is among our best earlies. The Russett and 
later the Downing, come ahead of maincrop and late sorts. 

No First-Class Early potato exists. The White Ohio, with its 
fine appearance and perfect quality, would fill the bill, if it did not 
run to knots and cracks. The Cobbler would be everything de- 
sirable if it were good eating, and the same may be said of the 
White Bliss. We are striving to combine the desirable qualities in 
one potato. It is a long, difficult and uncertain task in which we 
are greatly interested. : 

SEED AND ITS TREATMENT. 


Type and Source of Seed are as important as variety. Success 
also hinges upon such care of the seed as shall keep it in vigorous _ 
condition till put into the ground. A big yield of tubers must not _ 
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be expected when a poor stand of weak plants is obtained. (See in 
this bulletin the division on the subject of Stands.) For Greeley 
and the San Luis Valley, where potatoes tend to degenerate after 
two or three years, the best seed is secured from the dry lands of 
Colorado, Wisconsin or Minnesota or the unirrigated districts in 
the mountains. This seed, when planted in the Greeley district, 
produces the most desirable seed for the succeeding year. 

Trueness to the Type of the variety in hand is an essential in 
selecting any kind of seed potatoes. While their previous history 
and other things* must be considered in determining the value of 
any lot of seed potatoes, still, examination for trueness to type, 
tells us what we can learn from the potatoes themselves, just as in 
buying a horse, examination of the animal is a part of any proper 
purchase, although other inquiries are not to be omitted. 

Seed for the San Lus Valley—In some parts of the valley 
there is trouble in securing good stands because of dry weather. 
In these places whole potatoes are usually planted. ‘This makes it 
necessary to plant the small tubers. Where the tubers that go 
through a one and seven-eights screen at digging time are used for 
seed, the yield from year to year rapidly decreases, and the best 
practice is to change seed, securing that from the unirrigated lands 
of the State at least once in three or four years. 

Seed for the West Slope——In the West slope districts, pota- 
toes may be used for seed year after year with little apparent de- 
terioration in the vitality of the plants. In fact no change of seed 
has been made on some places at Carbondale since the potato grow- 
ing industry was started thirty years ago. 

The Best Home Grown Seed is secured by selecting the tubers 
from the field at digging time. ‘This should be done from the best 
hills rather than by selecting the best individual tubers. The char- 
acters that are transmitted by the tuber planted, are more apt to 
follow the characters of the parent plant than of the individual 
uber. Therefore, we should look to the vitality, productiveness 
and trueness to type of the whole plant. 

Hill Selection.—*The best method for securing seed is to go 
through the field at digging time with a fork and dig the plants 
that appear strongest and most productive. If the plant proves to 
be true to type and has the required number of tubers, with no 
scab or misshapen tubers, the better potatoes from the hill are saved 
for seed. If not, the tubers should be covered up to be dug later 
with the digger. Some skill and knowledge of the variety is neces- 
sary for this work. Where incompetent help is to be depended upon 


*See Bulletin 176. pias: : 
*This has not been successful in the Greeley district. See Bulletin 


No. 176. 


> 
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it is best for the grower to take three or four men with him so that 
the work may be readily directed. This way of securing potatoes 
is somewhat more expensive, but experiments by Goff of Wisconsin, 
Waid of Ohio, and results in Germany, as well as in Colorado, show 
it to be time well spent. 

Buy Seed in the Fall_—It is a common practice for growers to 
defer buying seed till planting time in the spring. When this is 
done the grower ordinarily knows little if anything as to how these 
potatoes have been grown or stored. It would be better and cheaper 
if potatoes were secured at digging time so that the grower can 
know something of the growing and can make sure that these pota- 
toes have been stored in the best possible manner to retain, their 
vitality. 

Storage of Seed—There is an almost universal belief among 
growers that, if potatoes are chilled in storage, the vitality is de- 
creased, but no actual evidence is at hand to prove this theory. In 
fact, our experiments tend to the contrary. In all those districts 
where snow falls before the ground freezes and lies until late in 
the spring so as to prevent deep freezing of the ground, so-called 
volunteer potatoes that have lived in the ground over winter, come 
up in the old fields. Where potatoes are left in the ground over 
winter without freezing, it will be found that tubers are to all 
intents and purposes in the same condition as at digging time in 
the fall. In these cases the tuber, while not frozen, must remain 
at near freezing point during the whole winter season. The con- 
dition of storage that most closely approximates this condition must 
be best so far as vitality of the tuber is concerned. 

Sleeping Period——Experiments have shown that the tubers 
must have a resting stage before they will grow. When mature 
potatoes are dug and immediately planted in the greenhouse, or 
southern grown potatoes are shipped to the north in the spring and 
planted, they will not grow till they have passed the resting period. — 
The nearer dormant the tubers can be kept during the winter the 
better chance they have for making a perfect stand when planted 
in the spring. The danger from chilling is less than the danger to 
potatoes from heating. 3 

Heating —This is the generation of sufficient heat in the pits 
or cellars to lower the vitality, and often follows freezing. Of 
course if the tuber is frozen so as to cause decomposition of the 
tissues, or frozen sufficiently to change the starch to sugar, the ~ 
vitality will be impaired, even if the buds are not killed. gy 

Greening of Seed.*—lf the seed is kept dormant all winter 


e 


*During the spring of 1908, a study was made at the Experiment 
Station of the effects of leaving seed tubers exposed to the light. Sev- — 
eral sacks were spread for a month on the ground in a barn where the 
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by cool storage, excessive spring sprouting may be prevented by 
greening. This is done by exposing the tubers to the light. The 
thinner the potatoes are spread out (certainly not over one foot 
deep) the better, and the oftener they are shoveled over, the better, 
which should be once a week, at least, for the last month. Of 
course it must be understood that the tubers are not cut previous 
to this treatment and are not exposed to heat and drying. Green- 
ing not only toughens the tissues and produces chlorophyll in the 
bark or skin, but largely destroys the spores of fungus diseases, 
and makes the seed pieces less liable to rot. For Colorado condi- 
tions, greening is preferable to treatment with corrosive sublimate 
or formalin, which treatments we do not recommend. 

Treatment for Scab.*—For four seasons, experiments have 
been made both at the Experiment Station and with growers in 
the Greeley district, with a treatment of seed for scab. In this 
treatment the seed was soaked two hours before being cut for 
planting in a solution of a pound of formalin to fifteen gallons of 
water. No beneficial results whatever were secured, 

Cutting Seed.—In planting potatoes it should be remembered 
that we are not planting the seed but a cutting of the old plant. 
The question of the size of the cut piece is always before us. The 
bud with a very small piece of tissue may be taken from the tuber 
and made to produce a plant. It has been found, however, in 
various experiments that the yield of tubers increases with the size 
of the seed piece, up to a certain limit. The reason for this is that 
the new plant must start its growth from the stored plant food in 
the piece of potato until it has sufficient root system to take care 
of itself. If the seed piece is too small or becomes dried there is 
not sufficient plant food to push it along so as to make a vigorous 
plant: conversely, if there is more plant food in the piece than is 
essential for growing the plant the excess is wasted. It has been 
proven in numberless careful experiments that it pays to use pieces 
as large as two ounces.} 

Two-Ounce Potatoes may be planted without cutting. Four 
ounce potatoes are best cut in two. In order to have the eyes 


strong light could reach them. These tubers were somewhat shriveled 
from being stored in a cellar where the temperature was higher than 
was desirable and where the air was too dry. Nearly all became green 
and many lost so much moisture as to be decidedly dry and toughened, 
At planting time the potatoes had started to grow but the sprouts were 
only from a quarter to a half inch in length and were green and tough 
enough to withstand handling. It was thought that the worst of these 
tubers were too badly dried out to germinate, so they were planted by 
themselves, but, to our surprise, nearly all produced healthy plants. 


*See Potato Diseases in this bulletin. 
+See in this bulletin the subject of Stands. 
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evenly distributed, the potato should generally be cut legthwise 
first. Six ounce potatoes are usually cut first lengthwise, then 
twice crosswise of the tuber.* 

Gauging the Cross Cut.—It is best to make the stem-end pieces 
larger than the bud-end pieces. With the Pearl, this will nearly 
always insure at least one eye or bud in each or the stem-end pieces. 

Hand Cutting is the only practical way. A few potato cutting 
machines have been used, but these have never come into general 
use because machines cannot exercise discretion as to the size of 
pieces and the eyes contained in each. 

Cutting Racks—The rack most commonly used, and which is 
the most satisfactory, is like the one shown in Plate VI. This is 
a slatted, sloping-bottom bin, with a frame for holding a sack open 
and a knife set at the rear side of the sack holder. The advantage 
in this is that the potatoes, when scooped into the hopper, are al- 
ways at the hand of the operator, and instead of holding the knife 
in the hand, both hands are available for work with the tubers. 
When one is accustomed to using this device, it is found to be much 
easier and faster than holding the knife in the hand. 

The Cheapest Cutting Device is made by driving a case knife 
into the end of a piece of board so that the operator may push the 
tubers across the blade of the knife. Many prefer to push the pota- 
toes in any case, and to drop them thus into the basket or sack. 

Do Not Cut too far Ahead.—Potatoes are best not cut more 
than twenty-four to thirty-six hours previous to planting. If they 
are left for any considerable time, the loss of moisture is so great 
as to seriously affect the stand. Similarly, cut seed potatoes in dry, 
warm, or windy weather must be-covered on the wagon with a 
canvas and must not be left in the field or in the planter to dry out. 
It is found that the seed works better in the planters when the 
cut surface is allowed to become slightly dried before putting into 
the machine. 

Dusting Seed—Many growers think that less disease occurs in 
the fields where the cut seed is treated with flowers of sulphur or 
air-slaked lime after cutting. Where this is done, a handful of | 
sulphur or lime is scattered onto each basket of potatoes as fast as 
added to the sack or on the thin layer on the floor. This dries — 
the cut surfaces so they are at least more readily separated aud 


*Many growers have thought that the ‘‘seed end’’ eyes were not so 
productive as or differed from the stem end eyes. We find, however, no ~ 
difference in their value. At the College, in 1909, two sacks of Pearl © 
potatoes were cut so that the eyes from the seed end, the middle and the © 
base of the tubers could be planted separately. So far as the most careful — 
observation could tell, there was no difference whatever, between the 
lots, either in time of coming up, the per cent. of stand, the time of | 
maturing, or the yield of these plots. d 
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work better in the machines. It is claimed by some that this treat- 
ment reduces the rotting of the seed.* 
PLANTING. 

Machine Planters are universally used in Colorado. The chief 
reason for this is that hand planting would be too laborious and 
expensive to be profitable, but if hand planting were not too expen- 
sive, it would not be satisfactory as machines do much better work 
than could be accomplished by hand. With the planter, the soil is 
furrowed, the seed dropped in place, and covered, all within a space 
of three or four feet, so there is no, opportunity for the drying 
effects of the atmosphere to injure the chance for the germination - 
of the plants. Where the plow and hand dropping is used the soil 
is very liable to become dried, as the planted tuber is in most cases 
covered with dry soil. E 

Picker Planters. —'The Aspinwall, Evans, Superior, and 
Eureka are common types of the picker planter, and while each is” 
different in detail, and some have been more thoroughly tried out 
than others, they all do practically the same work, are all automatic, 
and only require one man for operation. 

Non Picker Type—The Robbins Planter feeds the seed by 
dropping from between the spokes of a horizontal wheel and re- 
quires a second man to correct the drop, so that in this case the. 
accuracy of the planter depends on the accuracy of the operator.y 

Depth of Planting.—No hard and fast rule can be laid down as” 
to the depth to plant potatoes. Much depends upon the moisture 
and soil conditions, and slope of the land. Ordinarily, where the 
soil is in good condition so far as moisture is concerned, and dan-_ 
ger of frost is passed, two or two and one-half inches beneath the 
surface level is sufficient depth, while on flat land, in good con- 
dition, potatoes are sometimes planted only one inch deep.t Where 
the soil is apt to dry out, or where planting in dry soil, it is neces- 
sary to go deep in order to insure moisture. Deep growing va- 
rieties do not need to be planted as deeply as more shallow kinds. 

In the Higher Altitudes—Where there is enough fall to keep 
water below the tuber bed and where the ground is apt to be touched 
with frost before the potatoes are dug in the fall, it is well to plant 


*Any dust will do the same so far as ‘drying the cut surface of the 
potato is concerned. Dry Bordeaux mixture was also tried, along with 
other materials, at the Experimental farm in the year of "1907. This 
mixture did not prove satisfactory, as the copper sulphate in the mixture 
tended to shrivel the potatoes and apparently decreased their vitality. 

See the subject of Stands in this bulletin, and the per cent. ot 
stands obtained by different machines on the 1910 plots. Robbins planters 
were used at arecley, and Carbondale; Aspinwalls at Montrose ane 
Parshall. 

tIn speaking of depth of planting, it is understood that the depth 
below the surface is meant, and not depth below the planter ridge. a 
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such shallow growing varieties as Pearl, as deep as four inches be- 
low the level. 

Width of Rows.t—With most growers of late potatoes the 
average distance is 38 inches. This gives room for the planter, cul- 
tivator, ditcher, and digger to be used without interfering with 
the growth of the plants. 

The Distance Apart of the plants in the rows depends on the 
variety and the richness of the soil, and varies considerably in dif- 
ferent parts of the State. At Greeley, the average distance in the 
row we find to be thirteen inches on alfalfa land, and where pota- 
toes follow potatoes or a grain crop, the distance is fifteen inches. 
On the rich lands of the Western Slope, potatoes are planted as 
close as twelve inches or even eight inches apart in the row, espe- 
cially for Rurals on alfalfa land.* 

In Dryland Districts, the distances apart for potatoes is much 
greater, as the plants need more space from which to draw mois- 
ture. In this case from eighteen to twenty-four inches is close 
enough, the closer distance being for early sorts. 


CULTIVATING. 


Packing of the Soil by the-horses’ feet when planting is un- 
avoidable on our heavier lands, thus leaving the soil in poor con- 
dition for holding moisture, and also for the growth of the tubers. 
These two things, and the tendency of heavy soils to exclude air, 
have brought about a system of cultivation, particularly in the Gree- 
ley district, that differs materially from potato cultivation in the 
east. 

The Greeley System.—It was found that in order to loosen up 
the soil and also to kill the alfalfa, it was necessary to cultivate 
deeply soon after planting. Experience soon taught growers that 
this deep cultivation, not only killed the alfalfa, but to a large ex- 
tent prevented the development of diseases by loosening and aerating 
the soil. Where irrigation is practiced, and particularly with heavy 
and flat lands, the aerating of the soil is one of the important 
features in growing this crop. 

On Sandy Soils, in some districts of the state, the need for 
this deep cultivation is not so imperative, although we believe that 
in all soils in Colorado that are to be irrigated, some degree of 
this deep cultivation is beneficial, at least once. 

Special Cultivators which do this work satisfactorily have been 
made for Colorado trade. ‘These, while similar to the two horse 


{These distances are all given.for the maincrop potatoes. See else- 
where in this bulletin a siete ou. of this matter in relation to Early 
Potatoes. 

*See in this bulletin reports of close planting at Del Norte, Ghshens 
dale and Greeley, and Stands herein. 
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cultivators of the east, are made heavy enough to stand the pull of 
four big horses and the strain of four shovels penetrating the soil 
from eight to ten inches. 

Cultivation 1s Begun within a week after planting, or before 
the sprouts have more than started, the planter having left a ridge 
which may be followed without difficulty. The cultivator shovels 
are four inches wide by fourteen inches long, and are moulded and 
adjusted so as to throw the soil toward the row, and the inside 
shovels are run so close as almost to throw out the seed. 

The Ridge and the Harrow.—A\fter the cultivator is used, the 
soil is left with a considerable ridge over the row and a depression 
between the rows. ‘This starts the work of ditching and provides 
drainage so that heavy rains will not flood the row. The cultivator 
should, be immediately followed with a smoothing harrow, which 
is run parallel to the rows, for the purpose of making a soil mulch, 
and breaking down the clods, which are thrown up by the culti- 
vator. 

The Alfalfa Roots, or a large part of them, thus loosened and 
dragged out will be on top of the ground, where they will be dried 
out and killed. 

The Second Cultivation must be delayed ten days or so until 
the plants are up so that the rows may be followed. 

Guards.—In cultivating the second time, it is generally neces- 
sary to use guards on the cultivator to prevent the shovels from 
throwing down and covering the plants. 

Further Cultivation.*—If the work is properly done, these two 
cultivations will raise a ridge in the land so that ditching is com- 
paratively an easy matter. In many parts of the State these two 
cultivtions are all that are given, though when the season permits, 
or when rains are frequent, or in the mountains, between early irri- 
gations and before the vines are too big, it is desirable to cultivate 
once or twice more. Sometimes the only tool that can be used at 
last is a small cultivator between the rows. Cultivation of potatoes 
by the Greeley method is recognized as hard and skilled labor. 


IRRIGATING. 


The Rainfall in northern Colorado for May, June and early 
July, is usually sufficient to bring up plants and grow them until 
the tubers begin to form. ‘This is rarely true in the mountains 
| Irrigation Once Begun must be continued as needed until the 

‘crop is developed. Most successful growers hold that in general 


*The object of cultivation, rather than any fixed rule, should be 
kept in mind. If the soil is loose, leave the field alone, do other work 
against a time when cultivation is needed. One of the best crops we 
have known of was raised with only one cultivation as there was no 
rain and the soil staid loose. 7 


32 THE CoLoRADO EXPERIMENT STATION. 


too much rather than too little water is used. The number of irri- 
gations required cannot be foretold for any soil or season, and is a 
matter of experienced judgment based on observing the weather 
and the actual moisture conditions prevailing under the plant and 
about the roots, and will vary from two to seven times.* Irrigation 
must cease before the growth of the tubers ceases, or the potatoes 
will be coated with dirt, which would have been loosened by the 
surface motion of growth. . 
The Per Cent. of Slope affects the methods and amount of 
water used in irrigating. On the plains, in many places, there is _ 
not more than eight or ten feet fall to the mile, while narrow val- 
leys usually have several times this amount. With plenty of slope, 


*Some measurements taken on the EH. R. Bliss ranch show the 
amount of water actually used in growing a crop of potatoes, both on 
alfalfa land and on old potato land. The applications on the potato field, 
preceded by three years of alfalfa, were as follows: July 25th-26th the 
water ran 17 hours with a delivery of 4.05 feet per second, August 1 and 
2, 27 hours with 1.96 feet per sccond. August 8 and 9, 24 hours at 2.31 
feet per second, and August 15 and 16, 30 hours at 2.37 feet per second. 
This field contained 17.88 acres, and the depth of water used in irriga- 
tion was 13.76 inches. The rainfall by months from April till October 
was: April, 3.04 inches; May, 1.73; June, 1.10; July, 2.24; August, .64, 
and September, 2.31, or 11.05 inches. The September rain was mostly 
in the latter part of the month, and probably did little if any good to 
the potato crop. If the September rainfall is left out, the precipitation 
that should be counted as contributing to the growth of the crop will be 
8.75 inches. The rainfall plus the irrigation gives us 22.51 inches as 
the total water used on the crop. The field is Billings clay loam with — 
quite a large per cent. of sharp granitic gravel. The soil is about two — 
and one-half feet deep, underlaid with gravel, so it has good drainage. ~ 
The field was plowed in early May, eight inches deep, harrowed imme- 
diately and planted to Pearl and Snowflake potatoes June Ist. The yield — 
of Pearls on this field was above 150 sacks per acre, which is near the — 
maximum for the season, q 

The field adjacent to this one had grown potatoes the year before, — 
and was watered just previous to the alfalfa potato field. The first run 
was 14 hours at a discharge of 4.05 feet per second and the second 18 ~ 
hours at 1.96 feet per second, the third 16 hours at 2.31 feet per second 
and the fourth 24 hours at 2.37 feet per second, This field had an area 4 
of 19.74 acres, and an average depth of water was used over the field 
for the season of 9.35 inches. The difference in the irrigating water 
between the old potato land and the alfalfa land was 4.41 inches. This 
field was planted just previously to the alfalfa field and the potatoes — 
ripened (or the vines died from fungus troubles) about two weeks earlier. — 
The yield was about 130 sacks per acre, as against something over 150 
sacks for the alfalfa land. Frequently a greater difference than this — 
results between alfalfa land for potatoes and land preceded by other 
crops, but it seems that the difference comes not from the amount of © 
plant food in the soil, but from disease: for, after potatoes have been 
grown on soil even three years, the cereals grown on it will produce lee 
crops. , 
The difference in the amount of water can be attributed to the 
mulched condition of the old field and to the physical condition of the 
soil in the two fields. The decaying alfalfa stems and roots make the 
newly broken land more porous, and the first irrigation particnlaa) Lee 
more water to fill the soil. 
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deep ditches are not required; and in fact, where the land is steep, 
shallow ditches are desirable. Neither is such deep cultivation 
necessary although thorough cultivation gives the best results in 
all parts of the State. The length of time required to wet the soil 
by irrigating varies with the per cent of slope. That is, the greater 
the fall the greater length of time the water must be run. 

Sub-Irrigation.—In the San Luis Valley, where the land is 
level enough and the subsoil will permit, a system known as sub- 
irrigation is practiced. For this purpose lateral ditches are run at 
uniform intervals of from 30 to I50 feet across the field. The 
water from these ditches in a short time fills the subsoil from the 
_ ditches to the center of the spaces, then gradually rises to the surface 
and moistens the soil. This system has an advantage in ease of 
operation but is open to the objection that usually more water is 
used than is good for the plants. The valley has a great deal of 
soil disease, in consequence, among her potatoes. 


PLATS VIII. Drawing by C. L. F. 


The Advantage of Sufficient Slope-——Where there is fall 
enough so the vines or uneven grades do not back up the water in 
the row at any time, we have the condition shown on the right. 
The hill space and the dirt about the tubers is not puddled and set, 
but is moistened like a wick from below as indicated at (a). Ideal 
slope for all crops including potatoes is about 1 per cent., or 50 
feet to the mile.* On much steeper lands, great care is required to 
prevent heavy washing. However, with good subsoil, record crops 
of potatoes and grain are grown where the fall is at least 200 feet 
to the mile. 

Flat Lands Not so Good.—Where the fall is slight, very short 
runs and much labor and skill are required, or conditions will ob- 
tain like those shown to the left. With the water level at x, the 
time must be brief if the soaked portion be confined to the line a’, 
and it is pretty apt to rise to b and b’, and the hill surface is sure 
to be puddled to the level x; while with the water level at x’, the 
whole side hill surface and much of the tuber bed is sure to be 
damaged. 

Accurate Grading of Flat Lands is essential that the existing 


*Such slope does not permit of the turning out of large heads at one 
spot, but requires the substitution of corrugation for flooding, and row 
irrigation for all fields, to the great benefit of every crop. 
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general fall may be evenly distributed, and all knolls and hollows 
are eliminated. A good farm level, a four horse Fresno scraper, 
with wheelers for long hauls, and infinite labor and perseverance are 
required for this job, but it pays big dividends in quantity and 
quality of crop, and in water and labor saved. 

FROST. 


High Altitude and the close proximity of snow clad mountains 
make us liable to sudden frosts, both late in the spring and early in 
the fall. The young potato plants are nipped even in June, early 
frosts are apt to catch tubers unprotected by a good layer of earth, 
and our mountain passes render us liable to sudden freezing in 
shipment. 

Growing Potatoes are best protected by water, and air drain- 
age. The bottoms of valleys and such spots as are protected by 
trees or otherwise from air movement are most liable to frost dam- 
age. Recently watered* fields, or fields on which water is running, 
are least liable to injury by frost. So when a frost is predicted it 
is wise, other things being equal, to use all the available water, and 
if the field cannot be all irrigated, to use the water in every third 
of fourth row. 

Protective Ditching and prompt digging are the remedies for 
frost damage to tubers. The Pearl and other varieties which set 
shallow, and long or large potatoes or those on long stems which 
run close to the side of the hill are liable to be nipped by frost. So 
ditches need to be narrow and straight sided as possible, and the 
soil taken from the ditch should be spread over the top of the hills. 
For this purpose there is as yet nothing equal to the Kersey Ditchery 
with “side shoves,” although we think some of the nearly vertical 
sweeps may be equipped for this work. 

Damage in Shipping is made less liable by putting a false 
bottom or thick layer of straw on the floor of the refrigerator car 
and by packing the sides with paper and straw. Salamanders 
(small stoves) are used to thoroughly warm the cars up to train 
time, and shippers from northern states are obliged to send men 
with the cars to tend stoves, but always with a large expense and 
some losses by fire. In Maine, there is a line of oil heated cars in 
use to Boston and New York that make shipment safe in any 
weather. For our use, steam heated cars with thermostats con- 


*We might expect the cells of well watered sappy plants to be 
easiest broken by freezing, but such is not the case with potatoes nor 
with alfalfa or the leaves of our cottonwoods. 

{This ditcher was developed in a district where there is very little 
fall and is there popular because of its clean large straight sided ditches. 
It is cheaply made by the local blacksmith and in sizes needed for the 
slope or variety raised on the particular farm. 
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trolled by air pressure from the air brake system would be prefer- 
able.£ 

Danger Dates.—Corn growers and even beet raisers have more 
time to complete their work in the fall than has the potato farmer, 
because they are more independent of frost. 

The experience of years has established dates past which it is 
dangerous to leave potatoes in the ground subject to heavy frost 
losses. Waiting for potatoes to ripen is not wise; it is better to 
devise ways to ripen them earlier another season and save what is 
in hand this time. 

At 7,000 to 8,000 feet altitude, October Ist is the danger line. 


PLATE IX.—The Kersey Ditcher 


At Greeley, the leases used to read Oct. 2oth, but growers feel 
safer to be done several days sooner, as damage has occurred on 
the 16th. Lower still, about Julesburg, for instance, Oct. 20th is 
quite safe. 

Old growers recognize these limits of safety. New ones will 


do well to adopt them. 
CARING FOR FROSTED POTATOES. 
When to Sort Them.—The third week after storing is the time 


tThe cost of equipping cars in this way is not more than $100 each. 
Colorado people stopping at at least one hotel in Denver will find this 
system in use in all rooms, and very quick to respond to a five degree 
change in the dial. The Burlington Railway is experimenting with a 
system of this sort, and the Colorado Agricultural Experiment Station, 
funds permitting, will gladly co-operate with the growers, dealers, and 
railroads in working out a system to do away with frost losses in ship- 
ment. A system of this kind would be particularly useful between the 
San Luis Valley and Pueblo. 
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to care for potatoes that have been touched with frost in the ground. 
The first ten days after the storing, the frozen ones cannot be de- 
tected nor sorted out with speed. Frosted potatoes can be told at 
any time by thumbing the nose of every potato. After the third 
week they are likely to be semi-liquid rots and to smear the mass 
' past remedy. 

Good Light.—Good light 
is required and cannot be 
counted upon from open 
doors or windows at the 
right time because of the 
likelihood of storm and cold. 
Gasoline mantle, acetylene, 
or electric light is sometimes 
available. Some cellars in 
the Greeley district, includ- 
ing the new one at the col- 
lege, have facilities for sky- 
lights in cold weather. Day- 
light is the best and none 
too good for the work of 
sorting out the rots. Frosted 
potatoes, like balky horses, 
are bad property. Never buy 
them. We all have enough 
of our own. 

Sorting from Pits——This 
practice always is dangerous, 
because some years there is 
no weather that allows the 
pits to be opened before the 
long steady cold spells. Most 
seasons this is a very good 
way to handle frosted po- 
tatoes for storing or selling 
in November or December. 
The man who stores frosted 


PLATE X.—Kersey Ditcher with ‘‘side 
shoves-”? potatoes and does not sort, 


deserves scant sympathy. 


POTATO DISEASES, 


Diseases Differ from Those of the East—Work done in the 
East on this subject is of comparatively little value to Colorado 
potato growers. Every station in the eastern potato growing states 
has put out from one to a dozen studies on this subject. Nearly 
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all of these diseases come under the common name of “potato 
blight,” and are caused by various species of fungi that work on the 
outside of the foliage or stem of the potato above ground.* 


Late Blight——The disease most talked about and which prob- 
ably causes more trouble to potato growers of the East than any 
other is that known as late blight, or Phytophthora infestans. This 
fungus came to the United States from northern Europe, its native 
home}, being the home of the potato in South America. The first 
we hear of this disease causing trouble to any great extent was at 
the time of the famine in Ireland during the forties of the last cen- 
tury. The ravages of this disease in destroying the potato crop of 
Ireland, resulted in the death of 300,000 people in one year from 
starvation, and brought to a crisis the political agitation. and the 
emigration from Ireland that is only now being abated. This 
fungus did its first damage in the United States in 1843 and has 
gradually spread from the eastern states, west, as far as the hu- 
midity of the climate would permit its growth. 

Late Blight Described—Where this disease is prevalent, it 
may be seen in early fall, on the lower side of the leaves as a fine 
mould. When the seasons are comparatively dry with little humid- 
ity, the plants seem to withstand the disease, so it will not be notice- 
able, except that the plants appear to mature earlier than where the 
disease is prevented by spraying. We found at the Connecticut 
Experiment Station, that while unsprayed plots showed no partic- 
ular signs of disease, the foliage appeared to ripen off so that the 
plants were dead two or three weeks before frost, while sprayed 
plants were still in good condition until frost struck them. 

Damage of Late Blight—Not only does the fungus kill the 
vines or injure them so as to reduce the yield, but in seasons when 
the weather conditions favor the development of the fungus, the 
tubers decay in the ground, or if infected tubers are taken to the 
cellar many of them will decay later. This loss by decay is some- 
times as great as fifty per cent. of the crop of a whole district. It 
is not uncommon for this disease to destroy the plants over a large 
part of a state within three or four days from the time the effect 
of the fungus is first seen on the plants. 


*For this reason the old, almost universal remedy has been the 
fungicide Bordeaux mixture. It is not uncommon to find Colorado potato 
growers planning to spray their potatoes for diseases which have never 
been known in this State. 

+The Potato, Samuel Fraser, 

tIt is not probable that the disease will visit Colorado, for as the 
fungus lives over winter in the tubers it certainly must have been brought 
to the State and planted many times in the last ten or fifteen years. 
Therefore, we may conclude that as the disease has not been found in 
the State our climate is not favorable to its development. 
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Early Blight—Another leaf fungus is that known as early 
blight, (Alternaria Solani), often found in our mountains and less 
often at Greeley. This disease may be distinguished by black areas 
with concentric rings on the foliage of the plants in early July or 
August. It seldom causes rot of the tubers, and is injurious, simply 
because of its injury to the leaves of the plant. It is impossible to 
know what per cent. of injury is caused by this fungus as com- 
pared with other troubles. In the east, where plants are sprayed 
with a fungicide, they always give larger yields than where not 
sprayed, as the result of controlling early blight and the prevention 
of the ravages of insects and of fungi other than Alternaria. 

Early Blight Damage in Colorado ordinarily amounts to but 
little. During the summer of 1909, in early August a storm oc- 
curred over Colorado that brought the conditions of humidity that 
are common to the east; that is, there were some days of almost 
continuous cloudiness with occasional rain. Early blight developed 
as a result in nearly every part of the State. In some fields it was 
so prevalent as to nearly defoliate the plants. If it were possible to 
know when these conditions were to occur it would be profitable to 
spray Colorado potato fields. 

The Colored Plate illustrates young potato stems affected with 
the fungus diseases, Rhizoctonia (No. 1), and Fusarium (No. IT). 
Note the plant stems on the left are girdled with Rhizoctonia. The 
stem on the right is affected with Fusarium which started by rot- 
ting the cut surface of the seed tuber, then followed the vascular 
system of the plant up the inside of the stems, and killed the smaller 
sprouts before they got out of the ground. 

Rhizoctonia.—Until the last two or three years it was thought 
that nearly all the fungus troubles of Colorado potatoes were due 
to Rhizoctonia.* ‘This disease affects the plant by girdling the stem 
or root stalk, so as to prevent the food from going from the tops to 
the roots and tubers, or by cutting off the tuber stems. See the 
Colored Plate. 

Fusarium or Dry Rot.—We have found many fields of potatoes 
seriously diseased, though the bark of the stem from the old seed 
to the surface of the ground was clean and free from disease. ‘The 
leaves, however, were turning yellow, and stopping growth. In 
some districts this was so serious that many plants died before 
reaching the surface of the ground. Others grew a few inches 
above ground and succumbed to the disease. ‘The trouble started 
principally from the cut surface of the seed piece and followed 
through the tissues of the old tuber, into the stem of the plant. 


*Since publishing Bulletin No. 117, on the Colorado Potato Industry, 
we have found that a great deal of fungous trouble is not due to this 
disease. 
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When the plant stem was split lengthwise, it was found that the 
sap wood or vascular tissue of the plant was discolored from the 
base of the stem to some distance above the ground line. The plant 
was often blackened from the vascular tissue out and in some cases 
it was rotted off at the base. Investigation was made of this dis- 
ease and it was found that it was caused by a fungus known as 
Fusarium. In the cross section of the potato stem showing the 
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PLATE XII.—Fusarium Hyphae in the Ducts 


vascular structure of the stem, the hyphae of this fungus are shown 
growing across the cell spaces. Apparently this fungus acts on the 
circulation of the plant, much as roots of cottonwood, willow or 
alfalfa do in a tile drain. 


yIt is probable, also that the fungus does other damage to the plant 
as well as stopping the circulation. A careful examination of fields in 
all parts of the State show that this disease is almost always present, 
more or less, If growers will go through fields in August they will occa- 
sionally find plants that appear to be maturing early. They are turning 
yellow and showing signs of dying. If these stems are pulled up and split, 
you will nearly always find the yellow discolored area running up the 
stem just outside the pith tissue. This disease is most noticeable when 
the plants are young, and in fields where potatoes follow potatoes. In 
fact it is quite probable that the difference between yields where pota- 
toes follow potatoes, and alfalfa ground in the Greeley district is largely 
due to the ravages of this fungus. No remedy is known for this disease. 
Two preventative measures may be adopted: First, that of rotating the 
erops so that potatoes will not follow potatoes; and the second, cleaning 
the seed by exposing to the light and air, so that the spores of this fungus 
will be largely killed, and the tubers made resistant. The planting of a 
whole seed is always desirable where this disease is liable to occur. The 
development of the disease is favored by wet soils and high temperatures. 
Where soils are porous and not too wet, little trouble has been ex- 
perienced from this disease. 
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Dry Rot in Potato Tubers is also chiefly caused by the fungus, 
Fusarium, and is most common on bruised or cut tubers and where 
the potatoes are stored in unventilated or warm cellars, or where 
dealers and town people keep potatoes in warm places. As stated, 
the use of such seed is very apt to infect the new plant, to the serious 
damage of the stand and yield. This matter of dry rot is exceed- 
ingly important especially to the growers of Rural and Ohio pota- 
toes and to the consumer. The dealer’s warehouse and the out-of- 
the-way, little-visited farm cellar, set in the field or in some side 
hill, are great sources of infected seed, poor crops, and unsatisfac- 
tory table potatoes. 

Internal Brown S‘pot is a disease affecting, in our region, the 
tubers of the Early Ohio potato almost exclusively, and though it 
occurs from California, Idaho and Montana to Texas, we have not 
known of a case of this trouble under the ditch. It* is thought not 
to be of bacterial or fungous origin but to be a physiological matter, 
the death of some of the cells. ‘The cause is supposed to be drouth, 
and the remedy is the raising of other varieties than the Ohio, and 
better dry farm methods; that shall supply water enough for the 
plant. 

Internal Brown Spot does not destroy the tuber nor hurt its 
outside appearance nor precludet its use as seed; but the spots do 
prevent its sale and as found by the potato specialist in Nebraska 
and Colorado, seriously damage the odor, flavor and appearance. 
In close competition, we have found the odor and flavor in samples 
where the spots could not be seen. 

Potato Scab.—This disease occasionally makes its appearance 
in every Colorado potato field. In the east nearly all writers have 
thought that scab was caused from a fungus, Oospora scabies. 
German pathologists have proved that several other fungi may cause 
scab, and in Colorado Professors Rolfs and Paddock found that 
much potato scab was caused by the Rhizoctonia stage of Corticum 
vagum. More recently we have demonstrated that this is true. 


*Nebraska is a leading producer of Ohio potatoes and without irri- 
gation, and the disease has been very serious in that State. Dr. HE. M. 
Wilcox of the Nebraska Station and his assistants have spent an immense 
amount of time on this disease, without isolating any organism as the 
cause. 

+Summer tillage the previous season and summer or fall plowing, 
with thorough shallow tillage up to and after planting. 


tSutton & Sons, the well known British seedsmen, performed in 1906 
an experiment as to whether tubers affected with this spot were good 
seed. They found with two varieties that the healthy seed produced a 
larger crop by one-fourth to one-half but that there was not more brown 
spot from the affected than from the unaffected seed. In fact there was 
far less from the affected seed, doubtless because it grew less rank and 
used less water and suffered less from drought, which in Great Britain, 
as with us, is thought to be the cause. 
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PLATE XIII.—Scab of Potatoes 
1. Surface Scab. 2. Deep Scab. 38. Apparent Scab—work of the Beetle. 
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Tubers treated with formalin solution so as to preclude any chance 
of planting the fungus with the tubers, have been grown in pots of 
soil that were sterilized with steam, and the plants watered with 
boiled water. When the tubers formed in these pots part of them 
were inoculated with the fungus Rhizoctonia and typical scab was 
produced, while the checks were perfectly free from scab. As we 
know that scab may be produced from a fungus, Rhizoctonia, | 
present in all our soils, we cannot hope to eradicate scab by any 
treatment of the seed. Rotation of crops with good drainage and 
cultural methods are the only preventive measure that can be rec- 
ommended. See under Seed and Its Treatment, a report of field 
trials. 


POTATO INSECTS 


By S. ARTHUR JOHNSON 


THE COLORADO POTATO BEETLE, (Leptinotarsa decemilineata. ) 


Native Home and Food.—This insect is a native of a strip of 
country which lies just east of the Rocky mountain range and 
includes eastern Colorado. In its native state the beetle lives upon 
the wild weeds of the potato family. ‘The chief of these is the 
buffalo bur, but the beetle is quite a general feeder on plants of this 
group including not only potatoes, but tomatoes, egg plant, tobacco 
and pepper. 

The Insect-—The adult beetle is oval in shape, about three- 
eights of an inch in length and a trifle narrower than long. The 
ground color is yellow and the wings are marked by ten black lines 
running lengthwise. There are also black markings on the thorax. 
The eggs are bright yellow when fresh and are generally laid on the 
under surface of the leaves in patches containing from ten to fifty 
each. The young are dark red or brown grubs with black heads. 
The color becomes lighter as the grubs mature. 

Life History —The adult beetles live over winter usually in the 
ground at a depth of from four to six inches. Where the ground is 
loose they frequently go much deeper. When the ground becomes 
warmed by the spring sun, the beetles emerge and seek food plants 
on which they may feed and lay eggs. They are more or less 
abundant every year and do considerable damage to early potatoes. 
The late crops in Colorado generally escape because most of the 
adult beetles die off before the potatoes appear above ground. 

The eggs hatch in from four to eight days depending on the 
temperature. The larvae feed at first on the surface of the leaf 
where they hatched, but soon migrate to the top of the plant and 
eat the tender young leaves which are just unfolding. The young 
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reach full growth about three weeks later. Soon eggs are laid again 
and the second generation hatches. Ordinarily two broods are all 
that we may expect. 

Remedies.—The best and most practical remedy is spraying 
with some arsenical poison. In commercial fields the best machine 
is a power sprayer drawn by horses. In garden patches a hand 
sprayer does very good work. Arsenate of lead, altogether the best 
poison, is a white paste which must be carefully mixed in a little 
water before it is poured into the spray machine. It should be 
strained through a fine screen in order to remove all lumps which 
might clog the nozzles. Apply the poison at the rate of six or eight 
pounds to a hundred gallons of water. The proper time to spray 
is when the young grubs begin to appear at the tops of the stems. 
Arsenate of lead does not kill as quickly as Paris green, but it 
sticks to the leaves much longer and the benefits can be seen for 
weeks even after rains. Paris green is the old standby, is cheaper 
for a single application, and is still the most used. ‘This poison is 
mixed with water at the rate of a pound to seventy-five or one 
hundred gallons. ‘There is danger that this substance will burn 
the foliage of the potato, and to avoid this, it is well to add the 
milk from two pounds of slaked lime to each hundred gallons of 
water used. While spraying either of these poisons the contents of 
the spray machine should be kept well agitated. Sometimes the 
pest is confined to small areas. In such cases the insects are often 
controlled by the use of dust sprayers, which either blow the Paris 
green out in fine clouds, or dust out the same poison when it has. 
been mixed with flour or carefully screened air slaked lime.* 

THE POTATO FLEA BEETLE, (Hpitrix cucumeris.) 

The Insect.—When tomatoes are first set out or potatoes first 
come up there may often be found on them tiny black beetles which 
jump when alarmed. ‘They are called the flea beetles because of 
this habit, though they are not closely related to the flea. 

Injuries —The adult insects live over winter and appear during 
the latter part of May and first of June. They get their living by 
eating tiny holes in the surface of the leaves of plants of the potato 
family, and often attack cucumbers and beans. ‘The insects very 
often congregate in such numbers that the leaves of the plants 
appear almost black with them. Newly set tomato plants and young 
potatotes frequently have their leaves so badly eaten that they 


*The suddenness of scourges of potato beetles should be remembered. 
At Greeley, they had not been very serious for many years, but in 1909 
$50,000 was spent in fighting them. In 1910, everybody was ready with 
poisons and sprayers, and almost no beetles appeared. These beetles are 
liable to be serious in districts where growers have not noticed any harm 
from them. The as beetle seen should be a warning to Be ready the 
next year.—C. L. 
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shrivel, and the tomatoes may die. Ordinarily the stand of the 
potato crop is not seriously injured in this way. ‘Their greatest 
damage to potatoes in Colorado is done by the larvae which live 


underground. These larvae are tiny white grubs which attain a | 


length of about a quarter of an inch. The first brood is to be found 
during June or early July. They frequently cut into and destroy 
the young tuber stems of the potatoes, thus preventing a regular 
setting of the crop. The second brood of larvae appear during 
August and September. This brood bores into the flesh and under 
the skin of the potatoes, causing a pimply or scabby development, 
which may cause great waste in preparing the tubers for the table 
and seriously depreciate their market value. 

Remedies——No satisfactory remedy for this pest is known. 
The leaf injuries to young potatoes and tomatoes may be largely 
avoided by spraying the leaves thoroughly with Bordeaux mixture 
to which Paris green is often added. The insects appear to avoid 
the parts of the plants covered with these disagreeable substances 
and to seek fresh tissues upon which to feed. It is not certain where 
the insects hibernate, but they are often found in the fall in large 
numbers feeding on stray potato plants or pieces of tubers which 


have been left in the fields. It is well to clear up the fields imme- - 


diately after the crop is gathered. These insects are seldom, if ever, 
found on new ground and are much worse where potatoes are 
planted in succession. 

GRASSHOPPERS. 

The Insects—There are many kinds of grasshoppers, but. the 
species that become injurious have life histories which are very 
much alike. The eggs are laid in the fall in packets in the ground, 
containing from thirty to a hundred eggs. Their position is about an 
inch below the surface of the soil. The insects appear to select 
places which are comparatively dry in which to deposit the eggs, 
and we have found most of them this year in patches of weeds and 
grass under fences, and along ditch banks and roadsides. ‘The 
young hatch rather late in the spring and do not become full grown 
until mid-summer or later. 

Injuries.—Grasshoppers frequently injure potato fields by in- 
vading them from the borders, but this is not one of their favorite 
food plants. ‘The most serious relation of grasshoppers to the pota- 
toes is indirect rather than immediate. Potato growers depend on al- 
falfa to renew and enrich the soil. The presence of grasshoppers 
in the fields newly sown to alfalfa is disastrous, for they quickly 
destroy the little plants and it is impossible to obtain a stand. ‘This 
prevents a proper rotation of crops. 

Remedies——The best remedy to employ during the fall and 


spring is the destruction of the eggs. The first step in this work 
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is to locate the eggs. Inspection should be made everywhere in the 
surface of the soil for the pods of eggs. When the infested areas 
have been located, they should be plowed deeply to bury the eggs, 
or disced or harrowed very thoroughly to break up the pods so that 
they will be exposed to the ravages of birds and other animals or 
dried out before they have time to develop. ‘The earlier in the fall 
that this remedy can be applied the more satisfactory will be the 
results. It is better not to trust to one treatment, but to work over 
these places several times at short intervals. When young, or even 
when full grown, grasshoppers may be caught successfully in a hop- 
per pan. If this is set on wheels a few inches above the surface of 
the ground and driven over the alfalfa when that is a few inches 
high, great numbers may be caught. The best time to do this is in 
the early morning when the hoppers are on the tops of the stems 
and somewhat numbed with the cold. A third remedy is that of 
arsenic-bran mash. This substance is made by mixing white arsenic 
with bran at the rate of one pound of arsenic to twenty of bran. 
After the substances are thoroughly mixed, add sufficient water to 
make a sticky, but not too sloppy material. Some add a little anise 
or syrup. The mixture should be scattered late in the afternoon or 
early in the morning so that the hoppers will get it before the hot 
sun has dried it up. 

In the Greeley experiments of 1910 the potatoes were sprayed 
with Bordeaux mixture to test the value of this substance as a re- 
pellant to grasshoppers. The results appeared to be favorable as to 
keeping off grasshoppers, but indecisive as to the prevention of flea 
beetle injuries to potato tubers. See Greeley Notes. 


TO SELL OR TO STORE POTATOES? 


A SYSTEM 


Selling from the Field.—To sell always from the field is as 
well as always to store. The wise grower will sell out of the field 
when the year’s production is greater than the average yearly con- 
sumption of three and one-half bushels per capita; and in such a 
year he will keep selling whenever any one will buy, no matter what 
the market, because in such a season the price will show no general 
rise. It is folly to hold for a price for which the grower thinks 
he can afford to sell. 

When to Hold.—The wise grower will hold, particularly fol- 
lowing a low price season, whenever the yield of the country is short 
of the average need, especially if quality be good and consumption 
likely to be large. 

Crop Estimates—The Crop Reporter, published by the U. S. 
Department of Agriculture, which is our best basis for judgment, is. 
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sent free to all who ask it, and arrives about the 20th of each month 
with estimates made on the Ist. Sometimes in error on single 
states, the “Reporter” is said to have been wrong in its general con- 
clusions for the country only once in fifteen years. 

Importation.—Potatoes pay a protective tariff of twenty-five 
cents per bushel. In 1909, 8,000,000 bushels were imported into 
the U. S., and when domestic prices reach a high level, the crop in 
Europe must be considered. Otherwise Colorado growers should 
consider the general crop of the country paying no attention what- 
ever to the crop prospects in our own state, and but little to the crop 
in our group of states. Until the Panama canal is finished, Colorado 
growers must look out for an excess on the Pacific coast, as it must 
compete direct with us now for outlet. 

Good Marketing and the Community.—Public welfare is served 
by steady movement of produce to the consumer. Dealers, trans- 
portation companies, consumers and producers, as a body, are bene- 
fited by regular shipment. Good facilities for shipment over our 
mountains, and accurate crop information, that the price may at all 
seasons reflect the supply and demand, are therefore matters of pub- 
lic concern. 

STORAGE IN ITS RELATION TO MARKETING. 

No Fixed Rule can be laid down for the selling of potatoes. 
Constant study is essential to success. The prices and the best 
markets vary from year to year, according to the relation of supply 
and demand in different places. While the demand for potatoes is 
a constant one in every city, town and hamlet in the United States, 
the supply varies, and some regions are supplied locally one year 
and the next year have to ship in potatoes; while the cities and the 
south are supplied with potatoes that are grown many miles distant 
during at least a part of every year. 

The Northern States produce most of the potatoes and have on 
hand at digging time ordinarily a sufficient quantity to supply, not 
only the local demand, but the large markets of the country until the 
early potatoes from the south take their place in the spring. 

Commercial Methods.—li the growers were to place the whole 
product on the market at digging time it would necessitate the 
storing of from fifty to seventy-five per cent of the crop each year 
in the local warehouses in the growing districts. As direct ship- 
ment to consuming centers is essential to economy, storage at job- 
bing points is out of the question, while storage at southern con- 
suming points is too warm or too expensive. 

Storiug @ Large Part of the crop in the districts where the 
potatoes ate grown and shipping as demanded for consumption is 
better from every economic standpoint; and the temperature in 
potato growing states favors the plan of storage on the home farm 
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or local warehouse. In those districts where the winter climate is 
particularly severe, and where it is difficult because of cold weather 
or bad roads to take the potatoes from store house to market there 
is more of a tendency to sell potatoes direct from the field regardless 
of price at digging time, and in districts where the rainfall is ex- 
cessive there is also the objection that storage houses are not so 
easily kept dry as in the arid regions of the West 

In Colorado there is seldom a time when potatoes cannot be 
taken from the farm to the market. Asa result our potato growers 
have taken advantage of the favorable conditions for storing and 
a characteristic and unique system of storing has been developed. 
Our growers thus avoid glutting the markets during the digging 
period in the fall, and take advantage of any brief bulge in the 
price during the winter. The history of this system shows that it 
is not an invention but a gradual growth from the idea of storing 
in pits to the perfected ventilated potato cellars that are found in 
Colorado today. This system we consider one of the great features 
of the Colorado industry and is well worth the careful study of all 
potato producers who do not already understand its principles. 

POTATO CELLAR CONSTRUCTION AND MANAGEMENT. 

Cost of Construction per Hundred Weight of Potatoes.—This, 
in the best grade cellars, is about 20 cents. With a permanent roof 
over the dirt roof, the cost will be at least 5 cents more, and if a 
grower wishes to provide for seed potato storage, and have a hand- 
some cellar for sales purposes, he may spend as much as 30 cents 
per hundred weight of potatoes to be stored. On the other hand, 
with cheap construction, without much regard to permanence, and 
with the use of farm labor, as little as 7 cents per hundred weight 


_on a large cellar may provide good safe storage. Interest and sink- 


ing fund on this basis make the cost of cellar as a minimum one 
cent per hundred of capacity per year. 

Size of Cellars—FEach square foot of floor space within a 
cellar will carry 200 pounds of potatoes, piled five feet deep, or 240 
pounds pér square foot six feet deep. ‘Thus a cellar 5ox1oo feet 
will hold one million or one million two hundred thousand pounds of 
potatoes, with the driveway filled. It is wise to have a cellar large 
enough to care for the crop if piled four feet deep. 

Driveways and End Doors.—A large cellar should have a 
driveway clear through it, with doors at each end. ‘This saves 
backing into the cellar, or makes the potatoes at each end accesible, 
when the cellar is full. It also makes quick and complete ventilation 
easy. At the same time driveways take space, and the extra bulk- 
head and double doors are expensive, and let in cold, so that small 
cellars are often built with only one doorway. Such cellars should 
be arranged, however, so the center at the rear can be emptied early 
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PLATE XIV. 


A FARM POTATO CELLAR: PARTITION» 
ARRANGED®°® LIGHT, DARK, CO0L°® WARM STORAGE 


DETAILS OF CONSTRUCTION 
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in the spring, because it is at this point that most heating and 
sprouting occurs. 

Side Chutes vs. Inside Unloading.—Wide cellars require drive- 
ways; narrow ones do not, unless for ventilation. Inside unloading 
means a vast deal of lugging and stowing away, which in practice 
involves tramping upon potatoes and rough handling of sacks. By 
arranging an inclined driveway about over the side walls, chutes 
may be used, that, with a considerable saving of labor, will permit 
cellars up to 40 feet wide to be filled quickly from above. Such 
chutes should be square, about 15 in. x 15 in., set at an incline, and 
fitted with a slip-over cover of wood, iron bound, but unhinged. If 
sacked potatoes are to be stored for a time, chutes: 22 inches square 
are required, smooth inside, with a’ smooth inclined trough below 
and a table to receive the sacks and of height convenient for the 
man who piles them up. 

Unloading through Chutes—The wagons should drive within 
two feet of the chute. A tapering trough, with slatted bottom made 
of large quarter-round running lengthwise is leaned against the 
wagon, and is made to fit against the top of the chute. Two men 
on the wagon handling half sacks of potatoes from the field can 
keep a continuous stream of potatoes going down into the cellar. 

Removing Dirt from Potatoes is important both for appearance 
and because dirt stops the inter tuber spaces, prevents ventilation 
and so causes heating, sprouting and rot. Sorters used in the field 
are the quickest way to sack potatoes, separate the small ones and 
remove the bulk of the dirt. The slatted trough removes a further 
per cent., but there will still be some left. When potatoes are 
dumped inside from sacks, the dirt is well distributed. 

Use of a Canvas.—When chutes are used, ten to twenty-five 
feet of irrigation canvas can be used to let potatoes down without — 
bruising them. The outer end brought up through the chute is 
turned over and fastened with laths and shingle nails, whilea man 
holds the other end to ease down and distribute the stream of pota- 
toes. 
_ The Leveling of the Top of the potatoes over the whole cellar _ 
can be done largely by the canvas. This leveling is best because the 
projecting parts of uneven piles condense so much moisture upon 
them, and the top potatoes become so much discolored in the best of 
cellars, that a perfectly level top is desirable, to have the least- pos- 
sible exposed surface, consistent with proper depth. 

Ventilation of the Pile of potatoes is sometimes promoted by 
using a heavy false bottom of 2x4’s with half-inch cracks between 
the pieces. Others take two 8-inch boards and nail cleats across _ 
them close together thus making air shafts for use in the parts of the 
potato pile deepest or farthest from the side walls. k 
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Dirt Floors Rot Sacks that rest on them if left for more than a 
week or two, no matter how dry the floor. Therefore floors other 
than dirt are required for storage in sacks. 

Excavations for Cellars should be made deep enough so that 
sufficient dirt is secured for use about the bulkheads, sides, and 
roof. Three feet will usually supply this dirt, and this depth makes 
the slope of the driveway about all that can be covered by the vesti- 
bules. Where water comes too close to the surface, cellars must be 
built upon the surface and dirt found elsewhere to cover them, or 
sods and adobe brick are used. The cost of excavating the station 
cellar with the use of.day help and teams was 13-8/I0 cents per 
cubic yard, including the piling of the dirt about the hole where it 
would be handy for covering the roof. A farm level should be used 
to level the floor of the excavation. 

A Knoll is the Best Place for a potato cellar, where available, as 
the cellar can be placed well into the earth, and still have the slope 
away from the doors, for surface drainage. Situations should be 
avoided where water may collect and run into a cellar; and a porous 
soil without floor is desirable to quickly let away any chance water 
in the cellar. The worst possible place for a cellar is secured when 
it is set into a side hill, and especially if set in endwise. If a knoll 
is not available, the level ground without shelter is the best place. 

Side Walls of Cellars are usually required. Some soils stand 
up firm enough to use for walls without reinforcement, and will 
carry the plate and rafter ends. Caveins of side walls are disastrous, 
however, to cellar, crop and life, and it is seldom wise to trust to the 
earth alone. ‘The cheapest practical construction requires good posts 
set deeply next the side and carrying the plate on the tops. Planks 
on the outside of these posts next the dirt are an improvement 
usually essential, or poles may be laid in. Reinforced concrete is 
the most permanent side wall, and appeals to those who can afford 
the best. 

Light is Important,* and ventilators should serve also the pur- 
pose of windows. Darkness is demanded for table stock, because 
greening by light develops the acrid taste characteristic of exposed 
potato tissue. On the other hand, light combats disease in seed 
potatoes, toughens the skins, and is a check to excessive sprouting. 
Cellars should have light in the spring without warmth. 

Vestibules should be long enough to leave no sloping driveway 
outside. Some of the slope can be run within the cellar if required. 
A good roof and double doors well fitted are needed. A bar will 
keep out stock when the doors are open, or half doors can be used 
‘for this purpose. With good door sills, it is best to fasten the doors 


*See elsewhere in this bulletin the discussion of Greening of Seed. 


PLATE XVI.—The Station Cellar. Excavation. Braced Concrete Forms. Framing the Roof. _ 


it 


PLATE XVII.—Potato Cellars 
Strawing. 2. Exterior, 


3. 


Interior. 
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with top and bottom bolts rather than to a cross bar. Chains or 
straps and staples and pins should be provided to hold doors safely 
when they are to be left ajar; and some provision should be made 
to hold all doors securely open or shut to protect them from damage 
by wind and wavons. 

The Roof is best made of dirt and straw, not alone for cheap- 
ness but because of their superiority as insulating material. In a 
rainy country a tight roof over the dirt might be required, although 
our dirt-roof cellars when in good shape leak only during pro- 
longed and heavy storms. Even where concrete construction is used 
for the walls, it seems wise, as yet, to make a temporary roof, and 
to expect to renew it once in ten or fifteen years.} 

Framing the Roof.—Rafters should be sound poles 4 inches at 
small end, set 15 inch centers, or 2 x 12 sawed stuff. Purlines 
should be built up of two or three 12-inch planks. Posts should be 
not more than 10 feet between centers at the most and should be at 
least 8 inches at upper end. Two rows are sufficient in a 36 foot 
room, but four lines of posts are required in a wider cellar. 


Good Foundation for the posts and walls is required. The 
roof is extra heavy at times of rain when the foundation soil is 
liable to be soaked. Gravel or cobble stone bottom is firm but clay 
subsoils are often semi liquid when soaked, and on such foundation 
the largest flagstones are required beneath the posts and side walls. 

Cost of the Experiment Station Cellar.t—Gravel, 61 loads, 
$76.50; poles, $73.15; lumber, cement and paint, $315.30; hard- 
ware, $59.85, including square rods for reinforcing; sash, $7.40; 
contract work for erecting forms, mixing and putting in concrete 
at $3.25 per cubic yard, $191.00; working foreman at $4 per day 
and railroad fare from his home, $87.20; straw, $6; labor, $332.85.* 
Total: $1,149.25. See Plates XIV, XV, XVI, XVIII. : 

Farm Costs of a Similar Cellar.;—The cash expenditure on a 
farm for such a cellar will be reduced from the above by omitting 
charges for horse labor, by the use of efficient farm help, by the sub- 
stitution of old digger chains for boughten reinforcement, and in 


{Reinforced concrete over dirt and straw would make a permanent 
job, but is in the experimental stage, and is too expensive for trial by in- 
dividuals. 

tThe potato specialist built the cellar rather than let a contract, so 
he could keep an account of costs. For administrative reasons, the con- 
struction was delayed into potato harvest, and he was compelled to hire 
a competent foreman. 


*This includes carpenters and painters at union rates, and team work 
at $4 per day. 


+The best farmers reckon cost of teams as well as of wear and tear ~ 


on wagon and tools, cost of board and value of their own time, in cal- 
culating such a job. 
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other ways. A clever hard working farmer can put up such a cellar 
for a cash outlay of about $900; or if he omits the doors, vestibule, 
and bulkheads at one end, as he may very well do on a cellar of 
this size, his expenditure need not exceed $750.00. He may erect 
such a cellar and add a permanent water tight roof for about $900 
cash out of pocket. 


It Pays Best even with present prices of material to build 
strongly but cheaply, expecting to build over again when required. 
This is the business view: but a permanent structure like the station 
cellar appeals to the man who can afford it as a part of his farm 
home, for his own and his family’s satisfaction. 

Ventilation of Cellars is important, but is usually secondary to 
correct temperature and is ordinarily sufficiently accomplished in 
connection with air movement secured in proper temperature control. 


The Cellar is for Cold Storage, and should be regarded as a 
place for maintaining proper and even temperatures. In the fall the 
ground is warmer than the night air, and this night air is our source 
of cold. In the spring, the ground is colder than the air except in 
the cool of the night and early morning, and at these hours we must 
get what ventilation and increase of coldness we can. 

Late Evening and Early Morning attention is a_ requisite. 
On many fall and winter days doors need to be left open or ajar un- 
til, bedtime, and in the spring, doors must be kept tightly shut all day 
and cannot be opened until bedtime, and should be closed soon after 
sunrise. 

Potato Cellars Close to the House are therefore much better 
than cellars in the field. The house, where possible, should be at 
the point nearest the shipping station, which is usually the trading 
town, in order to save any back haul of the heavy tonnage per acre 
produced by potatoes. The saving in time of grower and workmen 
in going back and forth to the cellar in the winter and spring, and 
the better control of temperature thus possible, more than offset in 
most cases the economy of team labor at harvest time effected by 
field cellars. 

Correct Temperature for a potato cellar is just above freezing. 
Good management can hold it within two degrees. above or below 
a standard of 34° F. all the main part of the winter; can get down 
to this standard quickly in the fall, if the cellar be close to the house ; 
and can fight off the spring rise in temperature for a long time, but 
late evening and early morning attention are indispensable. 

Thermometers Correct at 32° F. by test in slush of snow or 
chopped ice and water are required for this-work, and should be 
tested before purchasing. The cheapest makes are all right, if so 
tested and found correct. Three at least are needed—one or more 


PLATE XVIII.—Getting the Station Cellar Ready for Straw. End and 
Side Views of Completed Cellar. Photo by Sackett. 
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in the cellar, one outside at the cellar, and one on a post near the 
house. 
MARKET STANDARDS: POTATO SHOWS. 

A Higher Standard for Sige prevails in Colorado than on the 
Chicago market. There a screen 1% inches in the clear was stand- 
ard until recently a 134-inch was adopted; here a screen 17% inches 
in the clear is required, and a 2-inch screen is sometimes used. 

Poor Sorting Bad Policy—While it may pay the individual 
grower for the time being to sell poor and small potatoes and dirt, 
it does not pay the individual grower in the long run nor the dis- 
trict at any time. The general rate of consumption depends upon 
satisfaction and quality, and the market and price for any particular 
district depends very directly upon good goods and reliability. 

Inspection Systems have been devised by dealers* for their pro- 
tection, and by the Weld County Farmers’ Club for the good of 
the Greeley potato district. While there are delays in getting any 
of these plans put into use, because the progressive element cannot 
lead the conservative element too rapidly, inspection is as sure to 
come as were pure food laws and the prohibition of chemical pre- 
servatives in canned goods. 


*The grades for potatoes in force under the Chicago Produce Re- 
porter System are as below: 

“Fancy Potatoes’? shall be known as: One variety true to name, 
ripe, sound, smooth, clean, bright, free from disease, scab and second 
growth, uniform run of medium to large size, correct shape for the variety 
quoted, with none but would run over a 1%-inch screen, and not over 5 
per cent that would run through a 2-inch screen for round varieties. For 
long varieties there may be 20 per cent that would run through a 2-inch 
sereen. 


“Choice Potatoes’? shall be known as: One variety, with not over 
10 per cent mixture, but all of one color, ripe, sound, not over 5 per cent 
scabby, diseased and second growth, fairly clean, good color, medium to 
fair size and shape for variety quoted, with none but would run over a 
1%-inch screen, and not over 10 per cent that would run through a 1%4- 
inch screen for round varieties. For long varieties there may be 20 per 
cent that would run through a 1%4-inch screen, 

“Good Potatoes” shall be the same as Choice, only there may be a 
30 per cent mixture of same color, or 10 per cent mixture of any color 
and variety, fairly well matured, according to season shipped, and not 
over 15 per cent scabby, diseased and rough, fair to dark color, fair size, 
with none but would run over a 1-inch screen, and not over 15 per cent 
that would run through a 14-inch screen, with not over 2 per cent 
unsound. 

“Field Run Potatoes” should be practically sound, but unassorted. 

Dockage, when loading potatoes.—In cases where the percentage of 
dirt, small, inferior, green, etc., potatoes, exceeds the allowance in above 
grades, inspectors may make said stock equal to the grade quoted, or pur- 
chased, by such dockage as they consider equitable. 

The section from which the potatoes are quoted, and the general 
quality of that season’s crop in that section, should always be considered 
in connection with grades; not as really changing above definitions, but 
in close cases inspectors should favor the shipper if that season’s general 
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One of the Systems for Dealers is operated by a house which 
also publishes a produce paper and a book of commercial ratings. 
Where shippers agree to put the system in force at their point, all 
produce is inspected as loaded by the inspecting company, while its. 
adjusters also operate in the consuming territory, so that unrelia- 
bility and trickery are largely eliminated. The curbstone shipper 
and the shortsighted grower who sells to him are the hindrances to 
the success of this system. 

The Weld County Farmers’ Club Scheme, in force for the crop 
of 1909, and considered unnecessary because of the fine quality of 
their 1910 crop is this: The Club does the work and hires a chief 
inspector at $100 per month, and sub-inspectors at each loading 
station, paid by the car. The dealers’ association, which receives 
the first benefits in reliability of goods handled, pays the expense. 
Certificates are furnished for each car inspected. 

Potato Shows should be so arranged that the judge does not 
know the name or location of the exhibitor.t Potatoes should be 
shown in wire baskets in two tiers. To each basket a tag should be 
fastened bearing the number of the entry and the name of the va- 
riety. On each “basket should be laid a card with name of exhibitor 
and all particulars. Until after the potatoes are judged, this card 
should be sealed in an envelope bearing the number only on the 
outside, in addition to the score card, if used, printed thereon. 


crop is not up to the average quality, or favor the receiver if as good or 
better than usual. g 


MARKET GRADES: The Weld County Farmers’ Club 


Fancy Potatoes.—One variety, ripe, sound, smooth, clean, bright, 
even run of good size, true to type, not over 5 per cent but would run 
over screen two inches in clear, 

Choice Potatoes.—One variety, ripe, sound, not over 5 per cent scabby, 
wormy or knotty; fairly clean, bright and even in size; not over 10 per 
cent but would run over screen two inches in clear, 

No. 1 Grade.—One variety with not over 5 per cent mixture of same 
color, or 2 per cent of other color; fairly ripe for date of shipment; not 
over 15 per cent scabby or wormy; not very knotty or muddy, fair size, 
run over screen 1% inch in clear, 

No. 2 Grade.—Not over 50 per cent scabby, wormy, knotty or green. 
ieee 5 per cent unsound or that would go through a screen 1% inch 
in clear. 


Disqualifications for show or first three market grades, Screen less ~ 
than 1% inches in clear. Many knots. Very deep eyes or very irregular 


shape. For show, any mixture of varieties; for market more than 5 per 
cent of same color or 2 per cent of different color, Color mottled, splashed, 
blue or purple. Muddy. Over 15 per cent scabby or wormy or 1 per cent 
unsound, One-fourth hollow. Sacks not neat, strong, uniform in size. 
Sacks not securely sewed with standard sack twine. 3 
Trueness to name and type required. No red potato to score as high 
on color as a white variety; no deep-eyed or long potato to be scored as 
high on shape as round and smooth. 


This is best in any case, and is the only system under which the — 
potato specialist will act as judge. oe 
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The Score Card of the Weld County Farmers’ Club is as follows: 
I, Dealers’ Scale. 


G.WOO TATE! cid eet fis senacerateecere ta) open oeehe ante ek teen 4 
DIZOE AO er cheuryags (ene os TOO ASTI Sy Gx ose, 2) aa rus shoo Sl rateReu Meme en eae sae ate eee 10 
INOE CVE ars adore. o's vies oot ase ib ate a dca hte ne tae 6 
SAPO er UD cere te Manic erie Se cle Lae aaa a) Stn Siar R oe. ecb oaile a bs Reena rate Creates aR oie teens 10 
\ NOES DIE HES se oc cath cise ee ee eo 10 
RSNA. Ole masts a sciieunine pele 5} DUB EV 2S ans: crise orra isolate ne acetate arate tnaenl Mckee ich eee eae 10 
( SCabby OK WORD: «sbi a caer eae dnote eueieneena ieee 20 
; (> IMSOUNG 2 o sadkspetsiere nl oi Ghee Ahan! ahah eeeet oe em oaenna 10 
Quality 30.....4.... j= Brittle-or spongy. or green. ce bs se ene 20 
100 

IJ. Final Purchaser’s Scale 
SINOOTR NESS! 5.5 Je. 2a(fsce veces a eb baka ume ane tery athe dace Saucue Menta epGatel aaa ea aetna 5 
EMO IU Foe aerial wa wie se 0 03) ord daa OBN OE a PaOanl 0) Sujal ET au eRON SSE IGT cutie Eee eee 10 
ROLE STINEW TLE Gee lees: Scie, w iar bt er 6S yetes SNe Mp ae canine ies 7 ehalseaay aaa oem nae lis eset oe eater 5 
SOUNE aNd Ot ROW OW ais. ister eianeweicecenes | ia disleareed Caduceus eieisnener skeeenene 10 
ONE: SEIT CG i Slab eicet to ahs yt kasi alan Sta MARIE eR a SI) a teetiovsia eaten tem BAL ae Ra: ICR Te ee 10 
Genters<small, and not watery <<: of. aru so 24 auc tin meeney a ariel eeieme nanos Seeds 10 
50 

Ill, Consumer’s Scale 

OMEKHESS:.Of - COONS 05s a ena ee arate eet 2 om: eusnt ama hen a Nertptetis NoMa: (nite ee een ere 5 
Botatoes cook: alike se < gine <hr bia Mecase eenaciela oat ese raelenle) ke te hola te eakteeee oma 5 
IMGCAMINESS io srxs a%e ana) ws hai d yo) Oe F OUaher pee wire yee) jot role ele Nees feed lek te een 10 
WEEE OTUGSS © ferrin cae a abe eintid co wv sopra tntat eh anteaelie eet Se raytuaa Soene et aneeualste ea one ten eee 10 
Gain tGmashed!): \.% 24 is) ages ae 5 ohare tekans elon lame semeca teal sieks denen che aeten aes 5 
SELL ViO Tete: oan ova aM sisBularn ar ewille Neraewtiay wee e Gera athe ane Nabe tetittis Ne anw Tone Nabe Rebrere Che Man cad chicane at 15 
50 


Total Score (perfect 200). 


Cooking Tests should always decide the sweepstakes prizes. 
Growers and the potato specialist alike owe this to their own inter- 
ests and that of the consumer. Six uniform white enamel pots 
tagged or numbered, and gas or gasolene stoves to boil six lots at 
once, together with paring knives, basins, a potato ricer or fruit 
press, and one or two capable assistants are required for doing this 
work with dispatch. 

EFFICIENCY OF LABOR IN POTATO HARVEST. 

Labor Costs More in New Regions——We have been struck by 
the low efficiency of labor in the potato harvests of our newer re- 
gions as compared with our established potato districts; a difference 
almost as great as between the labor cost of shoes made by a cobbler 
and by a factory, and for much the same reasons. 

This slowness is a disadvantage, not alone in cost of produc- 
tion, but in increased danger of being caught by a fall freeze. 

System and the Best Equipment are Cheapest.—For economy 
and speed the best sorters must be used; and solid sacks—‘“Liver- 
pool Returns,” the best wire baskets, the best needles, and a high 
grade of Italian sack twine are none too good. Standard potato 
wagons are absolutely necessary to the grower who would make 
most money. 
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The work should be systematized, and each man have his job. 
The digger man should feed and clean his horses, and then have his 
breakfast while others harness the horses, so the digger can run at 
daylight. 

A Day's Work.—In potatoes yielding 12,000 pounds per acre, 
each picker should put on the sorter not less than 8,000 pounds per 
day, of nine or ten hours. Where the yield is larger and made up 
of big potatoes, 12,000 to 15,000 pounds are sometimes picked by a 
good man; and the grower should be willing to see such a picker in 
such potatoes make $5.00 a day. It pushes the deal along, and is 
worth the price, being often cheaper than day labor at $2.00 or $2.50. 

In cutting potatoes, 1500 pounds well cut is a good day’s work, 


and 2500 requires a remarkable pace. In planting, four to seven 
acres should be put in with one planter per day. In sorting up and 


PLATE XX, 


sewing good potatoes in the cellar, fifty sacks or 6000 pounds is a 
fair day’s work per man, although expert crews have done three 
times that amount. 


HORSES FOR POTATO FARMING. 


Some Farms Can Use Heavy Horses.—The size of the draft 
animal for a potato farm is set by the work to be done. While 
1,600 to 1,800 pound horses are very desirable for breaking alfalfa 
and for hauling big loads, such animals are a damage in cultivating 
and digging, and are undesirable on long hauls because they cannot 
be trotted on the return road and last. Such horses are the thing 
for the grower close to the railroad switch, who plants wide. Aside 
from other considerations the smallness of mules’ feet and their 
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narrowness of tread recommend them, especially in the heavier 
weights, in preference to horses, for potato growers. 


An Active 1500-pound Animal the Best——Horses of not too 
blocky type, weighing from 1,400 to 1,500 pounds, are the choice of 
most experienced growers. Five or six such can break alfalfa any- 
where; four such can pull a digger all day, if required; and a pair 
of them can handle three tons of potatoes for the regular load on 
good roads. This is the standard, net load, at Greeley. 


Power Units —An eighty-acre potato farm should have five 
horses of this size, and a 160-acre farm, eight. It is cheaper to 
‘have them. good, and to have only this number; and it is wise to 
adopt a standard of size, action, color, and harness, and to have 
only such animals and harness, in order that the units of power 
may be interchangeable, and make up into two, three, four, five or 
six-horse teams, of like strength and speed. 


The Manufacturer has long considered such items as these in 
the efficient conduct of his business; farmers have commenced to 
apply the same principles to their business. 


FIELD EXPERIMENTATION 


Variety Trials have been continued by the station since 1906 and 
before. All promising sorts of this country, Great Britain, and of con- 
tinental Europe have been tried. We feel that we know absolutely the 
best sorts for Colorado. This work is therefore finished to date, and will 
be continued only as new sorts arise. It is greatly to the economic benefit 
of the potato industry to have such work done by the state, and the facts 
established by clear cut public experimentation rather than by widespread, 
indefinite and costly private experience. 

Seed Changes and Sources are now pretty well understood. The 
principles involved have been largely fixed, and are formulated in Bulletin 
176, and such work as is carried out in the future along this line will be 
only by way of working out these matters more definitely. 


Some New Terms have been adopted in Bulletins 175 and 176. From 
England we have appropriated the term ware, which,we think a more 
useful term than saleables or table stock, both of which it can well re- 
place. We have used also the English word maincrop instead of our in- 
definite term late varieties as opposed to early varieties, For instance the 
Pearl potato is our leading maincrop sort, but it is not a late potato. 
Among variety names we have attempted to establish the better and more 
appropriate names, always favoring the old as opposed to any new name. 
The Peachblow should not be called McClure; the Cobbler is not properly 
called Eureka; and Russet we believe to be most appropriate for the prom- 
ising new sort which has carried the indefinite names White Beauty and 
Russet Burbank. Parts of tubers are more definitely named than here- 
tofore, in Bulletin 176. 


Future Field Work should be in the development of varieties and — 


strains; in obtaining further knowledge as to the reasons for yield and 
for running out of seed stocks; in carrying along up to date each year 


variety trials that we may always have the best; and in the promotion of ; 
dry land potato growing for the benefit of the entire potato industry and 


for the general good of dry land agriculture. Funds permitting, a de- 


mand for fertilizer trials at Greeley and Carbondale should be heeded 


in 1911 and 1912. 


eo 
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One One-Hundredth Part of an Acre is in nearly all cases the basis 
for the yields given herein. The rows for weighing were in most instances 
taken alongside each other, and are believed to afford correct and fair 
bases for judgment of the points in question. 

The Potato Specialist, primarily the technical servant of potato grow- 
ers and consumers, like an engineer to other industries, is used also by the 


PLATE XXI. 
Assistant Chisholm and Harvesting Kit at Parshall up the Moffat Road. 


state as a counselor in person and by correspondence in the development 
of its newe: districts, While not a teacher, his work is best managed by 
the Agricultural College. He is a gatherer of information and experience 
for the benefit of all growers of potatoes, and as such he is a worker in 
farmers’ institutes, where as in bulletins he renders his reports. The far 
sighted policy in Colorado that has made this work possible, going hand 
in hand with our natural advantages, must result in a leading position for 
Colorado among potato states. 


STAND 


How to Count Stand.—Count 100 hill spaces, as near as can 
be estimated, including both present and absent hills. Count the 
skips back and deduct the number from 100. The result is the per 
cent. of stand. ‘This method is both simpler and as accurate as to 
measure with a tape the calculated distance for 100 hills and to 
count the hills present therein as the per cent. of stand. 

Causes of Poor Stand.—There are six main causes in Colorado 
for loss of stand of potatoes: (1) Dryness of seed bed. (2) De- 
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fective seed or seed asleep. (3) Disease or rot. (4) Defective 
planting. (5) Large and uneven or poorly cut seed. (6) Culti- 
vation. 

1. Dryness of Seed Bed.-—The upper picture Plate XXII shows: 
a potato field the near part of which had been used for a sheep feed 
lot the second winter previous and was cleaned up only in time to 
plow. The pens had been hard tramped and thoroughly dried down 
deep, while the bents had been well mulched with the litter of the 
hay, and were in good moisture condition. Potatoes will sprout 
without moisture, but they will not root unless moist earth touches 
the seed piece. ‘Therefore, summer fallowing, fall plowing with 
spring tillage, or irrigation before plowing, or ditching and irriga- 
tion before or after planting, are absolutely necessary to be sure of 
stand. Potatoes must be planted deep enough for the moisture 
level to remain in touch with them even if the surface dries after 
planting. 

2. Defective Seed or Seed Asleep.—Seed that is slow, from 
drying, heating, over sprouting or disease may rot before it roots 
well, so that the little plant loses the impulse of the food in the seed 
piece. Late varieties may partially recover from such a set back 
but early sorts cannot. Seed potatoes should be held asleep by cold 
storing but should be awakened in time to be ready to grow when 
planted. In moist soil five days from planting we have noted on 
potatoes that had stubby sprouts when planted, roots three inches 
long, while similar seed that had not started or had had the sprouts 
broken off showed roots only 1 to 1% inches long. * 

3. Disecse or Rot.—Potatoes affected with Fusarium will 
often rot completely before the plants get a good start, or before 
they start at all. This is particularly true if the seed bed be dry and 
rains come aftev an interval. And such plants as do start are often 
killed by the disease soon after or even before they come out of the 
ground. + 

4. Defective Planters and Planting—Not less than 15 per 
cent. loss in stands the state over is due to this cause, and for the 
most part to the sort of defective pickers shown in the right of the 
illustration, Plate XXII, which let go the seed piece in the hopper, 
instead of holding it, as do those to the left, until the seed piece is 


*The greenhouse picture Plate XXII shows one row of Pearls in pots 
that had been held warm long enough to wake them up ready to grow, 
and two rows of pots with the same kind which were still dormant when 
planted on the same date. The plant that establishes itself quickly is. 
much surer to grow and to do well. 

+ Some experiments indicate that the rotting of seed may be partially 
controlled by the use of lime on the seed. This is a matter which we 
hope to take up thoroughly in 1911 and 1912. Rotting of seed already 
reduces our potato output in Colorado at least $200,000 yearly. 
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dropped into its place in the ground. We find 95 per cent. of per- 
fect work quite obtainable from our leading planters of either type. 
The best picker type requires one man who absolutely knows his 
business. The other type requires a good driver and a faithful, 
quick and everlastingly patient man or boy behind. We find that 
one planter crushes the seed about the same as the other, and that 
one can do as good work as the other. The choice should be made 
according to the help available. Compare the stands obtained on 
Pearls at Parshall and Montrose with a picker planter, with those 
at Carbondale and Greeley, where the other type was used. The 
annual loss, about a quarter million of dollars, due to defective 
planters, largely a matter of easy repair, is twice the first cost of the 
2,000 planters in use in Colorado. 

5. Large and Uneven Seed.—Very large seed does not drop 
as well and is more subject to rot and always results in poor stands. 
It pays to screen seed to even size in two or three lots, and to cut 
evenly and carefully, to secure even dropping by the planter. A 
few large pieces in the hopper are a continued source of lost stand 
while they remain. It goes without reminder, that seed should not 
be sliced long but cut as nearly square as possible and always with 
good eyes in each piece. It pays to use seed weighing as much as 
two ounces to the piece, and the best stands are always obtainable 
by using whole seed of this size. 

6. Cultivation—The close, deep cultivation required in our 
heavy and flat lands to combat disease i is a frequent cause of large 
loss in stand, especially in new regions where employers do not 
realize that potato cultivation demands a high grade of skilled labor 
and the best tools, as well as accurate planting and straight rows 
evenly spaced. 

ACTUAL LOSSES BY POOR STAND. 

Part of Loss Offset—The following table shows just how 
much of the loss in hills missing is made up by the hills to each 
side of the empty place. We find the weight made up much less 
than some growers have supposed. ‘The first hill on one side of a 
skip, we call Firsts. The next hills we call Seconds, Thirds, and 
Fourths. 

How Affected by Distance in Row.—When the best. distance 
in the row has been decided upon for the variety and soil, the loss 
by defective stand appears to be independent of the distance used 
in the row. 


Conciustions.—From the weight of these 802 hills dug by 
hand and carefully weighed, as summarized above, we may con- 
clude: 

1. Skips in some varieties affect stand to the second hill to 
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each side, and large skips sometimes affect more than do single skips. 

2. Small plants (early varieties) cannot make use of much 
extra root space; and loss of stand with them gives an almost equal 
loss of yield. 

3. Deep rooting plants like Rurals and Carmens may or may 
not make use of extra space. There seems to be no uniformity as 
to the effect of stand on per cent. of culls. 

4. If the weights of the thirds and fourths be taken to repre- 


Syolahts « of. hills dus by hand “pordering: vies ay stand. 
Pounds and tenths. 


tT Aver- | Aver- | Aver- : 
Place Variety of age age age Remarks: Screen 1% in. 
hills! Firsts. |Sec’nds| Thirds. 
Del Norte Sunlight 20 23 1.% n Bed Planted 10x36 inches. 
Firsts 10% culls, others 
Six Weeks 20 1.4 1.3 1.02 16% each. 
Noroton 10 pag as ES 5 Oe my 6% and 19% culls. 
| ©.’ Ohio 10 TA dat -92} Uniform % culls. 
lvirsts & thirds same 
Cobblers 10 1% 1.4 1.2 % culls. 
Skips of one 
hill Pearls 10 14 1.9 1.4 | Culls 10%, 5% and 6%. 
ea 1 10 2.2 1.5, 1.2 | Culls 10%, 10% & 11% 
more Pearls ° : x ulls . 
Fourths 1.5. Gulls 10%, 
Carmen III 10 1.8 1.6 1.5 6%, 19% and 20%. 
Montrose Rural No. 2. 30 2.3 1.8 2.0 | Fourths 2.1, 
Skips of 2 or 
more Same 30 2.5 ete + Planted 12x39 inches. 
Kersey Pearls 20 2.38 2.3 2.1 | A yield of 24,000 lbs. 
Greeley Carmen III 18 1.4 Di 1.1 | Fourths 1.3 Ibs. 
. E Fourths 1.2. Planted 
Carmen III 15 2.0 1.6 L8 15x38, 
Fourths 1.1. Yield 
Blue Victors | 20 1.6 1.3 1.3 14,200. 
Rural No. 2, 15 2.0 1.6 Teetenourths: Welz: 
Average of 
248 sets of 
3 & 4 hills.. 1.8 1.6 1.3 | Fourths 1.4. 


sent the average yield per hill in a perfect stand, then the firsts and 
seconds recover together an average of .35 pounds, or about 4 of 
the loss of one hill. 

5. A similar amount is made up on the other side of the skip. 

6. The hills on either side of a single skip gee up one half 
the loss. 

7. The skips of more than one hill are fone losses of yield 
except for the weight of one half of one hill. 

STANDS IN GROWERS’ FIELDS. 


Average Stands 70 to 75 Per Cent.—An extensive examination 
of stands in fields over the state, in growers hands, convince us that 
among Pearls and Rurals which constitute nine-tenths of our out- 
put, 70 or 75 per cent. is an average stand. An examination of 
stands secured with these varieties on our plots will convince the 
reader that a stand of 85 to 90 per cent. is attainable in field prac- 


a 


a PLAT XXII.—Some Factors Affecting Stands. 
Sondition of Seed Bed. 2. Picker Points Good or Bad, 3. Seed Awake or Dormant. 
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tice. Growers have told us they had fine stands, when accurate 
count showed as low as 70 per cent. 

One-Fifth Colorado Crop Lost——Thus there is a loss of about 
one-fifth of our crop annually by poor stand, or half at least of the 
profits. The Colorado crop has a minimum value of over $4,000, 
ooo. One-fifth this amount is $800,000. 

Possibilities of Economic Benefits —Ilf there can be saved, by 
educational work and by accurate statement of the facts, one-eighth 
of this $800,000 for one year, or $100,000, the interest on the 
saving for a single year, at 5 per cent. annually would suppor 
permanent technical work for the potato industry. If one-fifth this 
loss can be saved annually, it would support the agricultural col- 
lege in all its branches. 


LOSSES BY DEFECTIVE STAND 


In per cents of whole crop for stands running from 50% to 95%. 


PR = = Crop lost—per 
Typical skips for pe stated in left hand Stand: [Basis of|, celttlom Gran 
Per lost, 100% secured. 
eta For every skip % hill is made up at sides, the cont ee ees ee 
rest is absolute loss. i stand- | stand- 
crop. ard. ard. 
95 BA Of: ONOR MA] CBCDeiere lassie chen aoadateyale ahaee eae 5 3 0 0 
90 8 of one hill each and 1 of two hills...... 10 5 0 0 
85 9 skips of one hill each and 3 of two each. 15 9 4 0 
80 10). ones,-.2° twos, 2: threes: ic acacawtines nee 20 13 9 5 
75 13° ones, 83> twos, 2) CHreeS'. sic csieteteereteucla. aa 25 16 13 8 
70 12 ones, 4 twos, 2 threes, 1 four......... 30 Pyal 20 15 
65 12 ones, 4 twos, 2 threes, 1 four, 1 five.... 35 25 27 21 
60 14 ones, 1 two, 2 threes, 2 fours, 2 fives... 40 30 36 30 
55 10 ones, 11 twos, 3 threes, 1 four.......... 45 33 42 36 
50 14 ones, 5 twos, 1 three, 2 fours, 3 fives... 50 37 51 44 


With very early sorts, loss of stand means nearly a pro- 

portionate loss in yield, and is much more than is above shown. 
Figuring how much he loses by a poor stand, a grower should 
decide what stand he should secure: 85 or 90 per cent. Then take 
the line of the table where he finds at the left the stand he actually 
secures, and in the columns to the right, under his standard stand, 
he will find his loss in crop, on the basis of what he secures. He 
will thus be able to figure how much expense he can afford to incut 
to care for seed and seed bed and to repair old or buy new plantas 
DRYLAND POTATO GROWING: Points of Difference from Other Potato 
Culture 4 


Cheyenne Wells 1910.—The yields here represent the minimum of 
what need be secured on suitable soils in the plains region. The land was 
native sod in 1894. It has been farmed each year since, without manure 
or rotation with peas, nor has it been summer tilled or fall plowed. The 
natural conditions both of soil and of season could hardly have bee# 
worse than in 1910. First class care and tillage with first class seed made 
a yield that would at least supply food, to a farm home, on the plains. — 

Rotation with Peas, Beans and Alfalfa.—The results at Julesburg 
hold out a promise of large yields to the grower who will rotate with 
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sumes and summer till for potatoes. Pea and oat hay is good hay to 
oduce milk, and if planted early on rightly managed land is a sure 
9p. Mexican beans are a paying dryland crop. The great interest in 
od alfalfa seed is sure to result in profitable growing by drylanders of 
ecial varieties of alfalfa for seed purposes. And rotation with peas or 
ans and with alfalfa when it has to be plowed up will increase all the 
‘m crops on the plains. See Julesburg 1910, herein. 

Plowing for potatoes will be done the summer before; or, after sum- 
sr tilling, will be done in the fall. Spring plowing isa gamble. Fall and 
spring tilling will be universal. 
Summer tilling will promote 
good shape in the potatoes 
grown the next year. 

Planting is well done deep 
on the dryland and is one of 
the things upon which good 
shape, early set, and good seed 
depend. It is not advisable 
to plant with a plow. Use a 
horse planter or plant as deep 
as possible with a hand 
planter, 

Cultivate Shallow following 
eross harrowings. Do not cul- 
tivate when it is not needed, 
but keep out all the weeds and 
break every crust, 

Machine Diggers of the four 
horse elevating type are often 
too expensive for dry land 
neighborhoods while plows are 
too wasteful of potatoes. The 
double beam rod shaker digger 
shown in the cut is a good 
compromise, as it is cheap and 
works well on small or mature 
vines when the ground is loose 
and not wet. 


DEL NORTE 


The Good Yields secured at 
this point commend the soil 
PILATE XXIII.- Planting 2 acres a day with a and care in a year below aver- 
nter costing 98c Chicago. $1.25 Denver. age for the yields of the val- 

; ley as a whole. The blights 
| diseases which in 1910 hurt the earlier sorts, even including Pearls, 
our Rurals by far the heaviest yielding class. The yield of the Dew- 
ps (Stake 150) maturing with Pearls we discard because of the un- 
irable shape of the tubers. The net weight of the Cobblers and the 
ss weight of the Ohios were about the same, and both were here of 
| table quality, and were ready the first of September. All varieties 
e dug September 21, and at this date Rurals though thin skinned were 
uly and white fleshed. 

The Productiveness of Sports such as Red Ohios from White, White 
n Red, Blue Pearls from White, or White from Blue is illustrated at 
kes 169 and 170.+ This has been specially noted with Pearls, and we 


*One of the representatives in our present legislature cites his ex- 
lence that potatoes planted in the furrow that dries out over Sunday 
> very poor stands. ‘The same is true to some extent of all furrow 
iting. 

*£ee herein Mixing in the Hill. 
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often hear growers say that they wish they could raise Blue Pearls be 
cause of the yield. Sports of this sort afford a good starting point fo 
improved strains, but we do not find the increased yield is long maintaine 
of itself. We have secured here, at Greeley and at Montrose, from dr 
land Blue Victors, by means of good conditions and the liberal use ¢ 
manure and artificial fertilizers to induce variation, about 150 pound 
of new White Pearls, to be used at Carbondale in starting an improve 
strain of Pearls. 

Close Planting on deep soils here results in great increase of yield 
and most desirable uniformity of size. Note the yields secured frol 
stakes 200 to 190. Deep rooting sorts like the Rural respond the best t 
this practice. Note that the use of double the seed, or 1000 pounds mor 
per acre, is more than doubly returned in the small seed secured i 
the crop, and a profit in the ware averaging, on the six lots of Rura 
8049 pounds per acre, for the five inch instead of 10 inch planting. Th 
much more saleable uniform crop is also to be remembered. 

Source of Pearl Seed for the San Luis.—Note the difference in th 
same pedigreed stock of White Ohios, one lot kept the last year at Gre 


CHEYENNE WELLS—t1919 


May 7-9: Planted 24x36. 

3 Es pe at AS. a2 a 

‘< Variety and Source Tote 
a | Ny Race ae \ e — 

37 PSB TI=— DA VAN oes sees nbcva missin ots taal eee tare ae age te asa Tol diate ts ole oe 14( 
38 Pearl =—3 yt Greele wy 55 25 hs ace Gin ah aoe een lUienee ia. ayes olesleveeep eens eer eats 14% 
39 PEAarl=-26 VPLS COV Gi dks gists wime)« wicahieoe el oha ooepalcbatae Mile reese: aunt oe eh eee 284 
40 Pearl ME MG RCETS Ye) sane nibs. ove) avaio. epycumeraen eaten gi oe catve ett e nAe Sy acer Meare 15¢ 
41 Peg Pl TO Yih. SOM Pe ex ee ist oom, ogi ou oth a Soe Re Lal este ae 17% 
42 P Carl WM OMItMOS Ss hilscn tases ca acc 15) obo, nis Mevpmnealamaneh avecain nag ste anisckay ony Le eae teeta +123 
43 Casto a of Nou coor ule 10h c Rema ey mee Eretz ti, AAA oir ont sirable veritas Sa hypothe acre 10: 
44 COMPLET —— MBA Soa a5 se aise wnlsre! cneearlaumebieta tot | nies a cela fe en aaeee ie ie Sete eee 17 
45 SOPDOVSR—= Ma COS 5 yiaa.s)c as ces vice - vine -sdor/s Gatto ieiie calge mn lmebes (2st etcania toi i earanse ie espe eee aera 17) 
46 Gamrive nT Va Fe 8 oo Sy saray Sepataisa:  iaenptamenalral edn ena o/aat eae) corte oarie tt tee eee 19] 
47 PEACH DILOW—— WAAR TOR Ho ed ca sic con ovale Pe oes POET yore, hos 24! 
48 BY ORIG Man Cro ac, pas glehodaun, Miesstamalererm ee ftade et eediiy de ciler arate et cigs ena ere 22! 


These were planted by hand, under excellent conditions, and the stand we 
practically perfect, except for damage in cultivaticn. 


ley and the Wie jot ae UpACOSA Sorina, The ware eld of the latter 
double the former. Note the same with Pearls the sixth year at Greel 
on the same farm (176) or that the sixth year at Pagosa (175), and con 
pare again with 173, changed to another farm at Greeley the last yeé 
before coming to Del Norte, and with (200) the yields of big Del Nort 
grown seed which gave a very poor stand. Compare also the yields fro 
first, second, and third year Greeley Pearl seed, remembering that of th 
seed secured in the same neighborhood the ‘‘first year’ was much 
poorer, 

San Luis Valley Profits in potato growing depend on the seed secure 
First year Greley seed is much better than that longer at Greeley; see 
grown at Pagosa or Del Norte from Greeley or (presumably) from di 
land or Wisconsin seed is much better still. By the results with Rural 
a strong presumption is raised that Pearl seed raised by close planting 
of the best Pearl seed brought to Del Norte will run enough to seed siz 
so that the rest of the valley may well look to Del Norte as a source ¢ 
seed, provided only and always that the parentage of the seed offere 
be known, 3 

Conditions and Parentage: not Place alone are to be considered 
the matter of seed changes; To no potato growers of Colorado are t 
principles underlying these matters more important than to those or A 
€an Luis. See Bulletin 176. % 
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DEL NORTE YIELDS PER ACRE* 


In Pounds. 


71 


Screened over 2-in. screen and corrected by 8 per cent. estimated difference to 


1 7-8 basis. 


v co] 
‘3 Variety and Source Total | Ware | Culls | g 
2) B 
147 Sunlight—Maine ............000.% 11460 10270 1190 84 
157 Six Weeks—Maine .......ccceeeeecens 10975 9107 1868 88 
151 Bovee—Maine ..........-.005 12240 11136 1104 63 
192 Noroton—Maine 5790 4971 819 59 
150 Dewdrop—Maine 20740 19661 1079 81 
148 Burpee—Maine 12260 11186 1074 73 
152 Ohio—Minn, ...... 11088 8562 2526 88 
153 Ohio—Divide I 10220 8734 1486 81 
158 Cobbler—Maine 12080 10266 1814 75 
159 Cobbler—Minn. 12414 10427 1987 83 
205 Ohio—Divide II 9540 8385 1155 76 
154 IW? ONLO—=— BAe Gs Biwi is!) sve ere mipivia cays 6 13271 10217 8055 85 
155 Wise -OhlO—-Grecle wie ciucine ssic.s'e6 sie uste « 10350 5174 5176 82 
191 White Victor Dee. pisisic wesw sivivn 14594 13736 858 ae 
169 White Vive: “Peat l=) cai cielyicis-simtejeleiers ais » 22806 22404 402 we 
170 PUTDIEs HVC PP CAT ers Ginic-c/bicimieos ce e.0 oe 20700 19251 1449 ee 
160 R. Seedling—S. Prairie ..........000% 8100 7323 177 80 
161 R. Seedling—Greeley .......e0eeeeees 9540. 8386 1154 81 
162 R. Seedling—Carbondale ..........05- 8600 6658 1942 83 
163 Ro Seedling—Divide, ... 06. 6. ete cee 7400 5622 1778 78 
168 Russet—Carbondale ....... wsscsseees 7740 6112 1628 Re 
164 Snowflake—Greeley ........ .seseees 9480 6604 2876 89 
167 Challenge—Greeley ........ «weeceeee 8040 3301 4739 87 
180 People’S——Greeley. sig acveieiw wien boob ete 9440 7953 1487 91 
166 W. 2Proli fie Pe oseicea civ eins bos ers ts aoe 6640 5159 1481 GC 
4 Gi Mite Greeley sie slaaiansa eae aie ae n tole’ 8400 5692 2708 88 
202 Ps, Of) CAWON™ Wiley ie aaiers chesssc-0, b)etela- sre. 6 9600 7168 2432 81 
171 Wells’—Wheatland ........... «...e- 4680 3434 1246 83 
165 Peerless—Greeley ... 14240 11267 2973 88 
176 Pearl—6 yr. Greeley 8240 5927 2313 86 
175 Pearl—same, Pagosa 13600 12728 872 78 
181 Pea re 1 yrs) Crs SO Civ iensceceravaneiere a a os se 11440 8703 2637 88 
179 Pearl—2 yr.) Greeleysn Vac Gere e sa cws 10080 7742 2338 87 
174 Pearig—Jinyre Grecloyewapanrante sidisieye. setae s 9760 7642 2118 89 
177 Pearl—1 yr. Greeley .........-....- 9960 8258 1712 84 
173 Pearl 6 VR Peas eatin wee slartcace eh 9280 7398 1882 79 
178 Pearl—Ists. y7, Nt COM aS Wintercntocele ale 11360 9340 2020 91 
182 Pearl—WisGOMsimy ws pele ciemieieie:: este lniels rs 12320 11249 1071 81 

Saiies bes tereeeece nae ances 12800 12384 416 ate 
200 Pearl Ai iyr, OSIleAN ee ayer micversusnale ere «cals 18000 16210 1790 65 

Same,” poorer osoll Gass ces «ae 12550 11776 770 ih 

Same, next row 2x10 ........ 14700 12241 2459 ee 
189 Carmen? JEI=AWitSal. wr elec ieneiartiterelens (erecta lcs 12840 11295 1545 74 

Samo; <2eclOe Sauer an ec ciise eyecare 17760 13512 4248 ee 
188 Rural—list.” yr. it. Collins... ..2sc.e.. 13080 11192 1888 15 

Sain eg 2G iy cpa eeetates co wre cata os 15480 12464 3016 aa 
187 Rural—tst: Yri GQueewe yes pew wise wines oee ee 12240 9967 2273 81 

Saimnie; er Uae seeeitewceer eats state Ayres 19680 14990 4690 Bay 
185 Rural—Greeley, SOG: oivcscniawets ves <2 19920 15178 4742 ce 

Same, 2x10 17980 16039 1941 ws 
183 Rural— Wisconsin LGD OZ wee creme a leran 75 

Same, 2x10 17710 15931 1779 Bm 
184 Rural—ist. yr. G., 17958 14437 3521 71 

Same, 2x10 22965 19721 3244 me 
186 Rural—Greeley, station _............. 15625 13593 2032 82 

Sa Chios ceteteternia, sie wide era = 19800 18234 1566 ay 
190 Peachblow—Greeley ........ seeeeees 15000 12810 2190 75 

Same S250 Mean rrenserege time ate crores 21000 16520 4480 a 
156 Me OH1LO— Pars Dall revelers escvsiesteisievere wishes eye 10800 9564 1236 82 
206 Triumphs—Ilst.. yr. Del No. wi jewine ee: 15240 14017 1223 15 


*The planter used here caused a loss of 


stand of about 10 per cent. 
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MONTROSE: BOSTWICK PARK 
Planted: TEarlies 12x89. Late Varieties 10x39. 


gy 3 
‘¢ Variety and Source | Total | Ware | Culls § 
a “ i ee kore ctw 7) 

: Harlies on sage brush land in orchard. 

64 DOWALOP— DAI «600s ns cigs Gale weds wale 4550 4300 250 95 
56 IWOTOLON—MSING: \.. exis cin 00 "pee eee e's 1600 1300 300 60 
66 i Oblio—Red River si0cccectecccede se 3300 2600 700 95 
57 Triumph—Carbondale ........ cesses 4800 4300 500 76 
58 AME Otel Sen yan ieee leichs vet laietteieel| nu teicteleie mite meter stone Ae y, 76 
59 Ns SEAS SMI ATIO 8 eis vine cue nye ee ratale waco 4000 3600 400 72 
65 Perieetion—Maine 2c sececees vanveen 5300 4700 600 63 
67 PROMO GNI Gos arare iti ecey sebeusle ae ere 4300 3700 600 67 
63 PSP DOC— MAING aiaio alesis) ssierd'e, Oab + sine 5000 4500 500 45 
62 COU DIST—MANCOS. eo Jecis te.e.cie esd sce epeveisee 5700 5200 500 90 
61 Cobbler—Red River .......0ssee000ce 5500 4100 1400 77 
On four year old alfalfa sod. 
84 B. Victor—Nebraska ......cseeenss bry 15800 15500 300 95 
87 Cobbler—2x10 ....... A Z 7000 5500 1500 ar 

T0-a Duplicate 05.15 é 7550 6050 1500 
69 Snowflake—B, P. . ae : 15000 14000 1000 100 
68 Snowflake—Greeley 16300 14300 2000 96 
17 “La Follette’—Wis. .. Sec ios d 13250 12750 500 93 
70 Pearl—Pedigreed............ Sra cienreie 12200 11700 500 94 
73 ICAI bOVO: Pe Avie e: 4m (si 0 biste se n'slete el eke 15300 13700 1600 17 
TW Mea ras a oka ts xno, ieee h tabula ape med: cue Reare eT eUe 13100 12500 600 91 
72 Peari—CarDOndale: caiice wee deinen niece eis 9600 9300 300 87 
76 ao 4 BER Bag al © Sy Sates eG aE Heese Tre Fe 10600 9700 900 94 
75 earn lyre Ge. BOO! cn eisiee a sie scaldreriers 13300 12300 1000 94 
74 Pearl=—Del INOS is ceieis siacsia «leu ele aie e 16000 15700 300 94 
81 1AM ig? HR GYD 2 ner chore co.6 HORTOR ROMO CLA GG 13700 13100 600 96 
83 PUTA —W AON” acs v\ncctarevesisys) -apgusiepa oe Oe 16400 15800 600 95 
80 Ruradl—Greeley aes wsjes mpees tele ties 14700 13700 1000 98 
82 UTS 1 WV. PTO. ecminitiaye mately. vias ote 17000 15000 2000 93 
19 Carmen IlI—Wisconsn .............. 18600 17400 1200 92 
78 Downing—Montrose ........ «seessees 12500 11600 900 95 
85 Peachblow—Greeley ........ sscessee 12000 9500 2500 93 
86 Peachblow—Carbondale ........ hos 14100 | 11100 8000 88 
&7 Russet—-Carbondale 2... 1 cess eee e 12900 10400 2500 93 


Harlies here had a poor start due to deeply dry soil and, as at Gree- 
ley, to drouth. And early potatoes cannot make up for lost time, as is 
noted under the division of this bulletin Harly Potatoes. The excellence 
of the Triumph and the Cobbler are corroborated, and on the alfalfa sod 
increased yields were obtained from close planting of Cobblers. 

Maincrop Potatoes suffered severely not from a poor start, for they 
had a good one, but from the breaking of the ditch and dryness in mid- 
season. The large yields of both lots of Snowflakes as compared with 
others is a feature, while the Downings and Russets again give good 
yields as secondary sorts, 

Among the Pearls, note the capacity of the Stove Prairie dryland 
seed to give a good account of itself in hard conditions, as was shown with 
dryland seed Pearls at Greeley. This same idea applies to the Bostwick 
Park sage brush land Pearls,j the Greeley sod Pearls, and possibly to the 
Del Norte pea land Pearls as compared with those grown on alfalfa land 
at Greeley and Carbondale, and it is a general principle, that good seed 
does better when taken to richer conditions than those under which it 
grew. 

+See results with Bostwick Park sage brush land seed at Julesburg 
and Greeley, and of Parshall sage brush land seed at Greeley. Sandy land 
with enough slope and the early irrigation possible at high altitudes, we 
believe to be factors in the success of this sage brush land seed. 

Among Rurals, note that all imported stocks exceed the home seed, 
and that a Rural seedling, Carmen III, Wisconsin grown, leads them all, 
while seed, pear-shaped, grown at Eaton near Greeley comes second, This 
seems to argue for change of seed stocks in this locality. 
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White Sprouted seed is found among all the Rurals of the Montrose 
istrict that we have seen, and their white blossoms are conspicuous among 
ae purple in the fields. This is a serious defect to the eyes of a potato 
lan in the otherwise wonderful Rurals shipped from the Uncompahgre, 
nd we thought to find that a selection of the white sprouted sort at 
lanting time would show a lower yield. Such is not the case. They 
xceeded the Rurals from the same lot by 3300 pounds gross per acre 
nd by 1900 pounds net. Their shape is, however, inferior and is still 
orse in poorer conditions.* The white sort is doubtless Carmen I. See 
s yield at Greeley. 


CARBONDALE 


Record Yields for unmanured, unfertilized field culture were here 
btained on our plot. Such was the uniformity of yield at the upper and 
ywer ends of rows and from one side of the field to the other, that we 
elieve that the whole piece would have gone the same as any part if 
lanted to the same sort. 


Early Sorts.—Note the 2800 pound increase in the Cobbler yield by 
1c 5% inch planting (A and B) and that at stake 128 the very earliest 
rts were made to yield 20,000 pounds per acre by planting in 20 inch 
ws and cultivating with a beet cultivator.+ The excellence of the 
usset as an early potato is here as elsewhere strongly indicated. (Stakes 
29 and 130). Note also that it responds here strongly to seed selection. 
he more oval seed produced 6257 pounds more ware per acre than the 
im seed. 

The Snowflake has been a famous potato. Believing that the great 
ork done by Carbondale growers with the Peachblow and the Triumph 
yuld be repeated with the Snowflake, we sorted over a large quantity of 
reeley Snowflakes, and planted the best, to be hill selected here, and then 
rown on the dryland, to be thence supplied in 1913 to all the State, as a 
ame favorite potato. The yield (S. 126) promises success. 


The Pearls, especially the locally developed Pearl, called Valley Prize, 
uve remarkably high net yields, without knots, cracks, hollowness or 
her defects. Stake 134 had a net yield over 1%-inch screen of 598 
ishels, and the next highest net yields were of Pearls from Pearl seed 
frown in the valley at Carbondale, and at Greeley, and from Messrs, 
weets’ Peachblows and Gold Coins. 


That Rurals were Omitted: from the Carbondale lists is one of the 
rersights of a strenuous season. This variety now leads all others in 
ie United States. From what it does at Del Norte and Montrose and 
private hands at Carbondale, we do not hesitate to recommend it for 
anting beside the Peachblow as a late sort, It will doubtless lead all 
her white potatoes in yield, uniformity, beauty,t and high quality at 
urbondale. For medium, the Pearl will be standard. For early the 
usset and the Cobbler promise to be standard. We would not at Carbon- 
ile go outside this list. It has been a misfortune that all varieties do 
ell here. 

Close Planting will be the thing for Rurals, as close as four inches 
‘rhaps. At 124, note that the Peoples gave a good profit on using 
rice as much seed, and that when three times as much seed was used it 
turned in the crop. This 8-2/3 inch planting also gave a much in- 
eased percentage of seed size. Compare also Pearls so planted at stakes 
38 and 139, where the closest planting reduced the yield but produced 
ore seed, See also Del Norte for close planting of Rurals and Peach- 
OWS. 


*The new sage brush lands of the Uncompahgre should develop a 
de for seed Rurals but will find that pure seed will be demanded. 

+€ee Early Potatces, a division of this bulletin. 

tRurals come out of the ground clean because of their smooth skin. 
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CARBON DALE—1910 
Planted 11x38. 13-4 Screen used and corrected to 17-8 basis by addition of 


2% to culls. : 
aa ae Te entre ees i hag q j 3 
‘ce Variety and Source Total Ware | Culls fe 
a] PET. hice Pe be De onde S | es ae 
A Gop mler——IT dNs, tec woainiat @ieisicur a alrite s 18100 15928 2172 
B COB BLS rays UH iale da ose "ssevalegpictalcue) esse ee LOSOOs='b Sue sar. Aire 
1G) pop bican Fa0) 0.0 2:00 6 ea OR ee S000 <a] weceenten svete 
D DEW ALOD— WAIN e ye ene qaiune lodatetenes Mare wiraite 31600 eee 
BH Perfection—Maine .......eeseees ete 17789 anata 
128 Harlies—11x20,Noroton 22040 4408 
PPT I) Fo ceeewl vas aoe rane 18810 3762 
121 Late Ohio—S,.. P. ..% ncaa 20700 5 
122 R. Seedling—Carbondale ete 26642 ‘ 
123 R. Seedling—S. P. ....... 24200 7 
124 People—Carbondale ............ she a 27785 ° 
RINNE DAUD Ge tara stig ns si fmuassy aloes 82393 pes 
Same, Sxliake. inn nue $3529 «¥ 
126 Snowflake—Greeley .......... 24600 5166 
127 FR. Snowflake—Maine ...........---.. 84200 ater 
129 Russet-—Carbandarve: <.cvis.. ere seem en ors 28484 3133* 
130 Sane, = slim: seed 4 529 /cherte sieaye rial 21700 2604 
131 Up-to-Date—Carbondale ...... ....6. 29464 mene 
132 Peerless—L. WRAGi- us a ive oegre ts eteaipy eis 29400 totn 
134 Pearl— Ved y Pus oe tiene nesta aie wines ae 38000 2660 
133 G. Coin—Carbondale ......c..cenrs eee 380900 2163 
136 Pearl—Carbondale- <5 .c/ossaneldaiecwe liitis ae 32500 8575 
135 Pearl-—Waaiscom siti: sve ceeleve are culeanate ties 30100 3311 
137 Peark—1 i yrniG, SOGm ies. s ete aty aitenerara 33200 4316 
138 Pearl—Del: Norte tories ails bs esaletna ola 29900 3588 
139 Pearl—mixed, planted 2x11 Seabizatets 382592 Oot 
Same; Planted. BLT, tic vae cis sone 380400 5 
140 Peachblow—Ault .........6.. 36300 d 
141 Peachblow—Carbondale ...... 35700 i 
Duplicates «jaan vies 37500 Ore 
142 Peachblow—Flagler ........ Me ING Nome NON ce. apes Re 
143 Peachblow—Greeley ........ SO0600-. |) lasts ‘i 
at one hh oe Peachblow—G. © Giukaneiessaaausl nme ketenes PROG OY Sta titacees 


* Hstimated at 11%, following test of 12% on slimmer stock, 


PEACHBLOW CULLS AND CRAX 


highest yielding Peachblows. (‘‘Crax’ is the trade-name for cracked potatoes 


% Crax % Yield 

Stake Smalls Sins Ware Ware 
140 8 23* 69 25047 
141 7 16 We 28875 
142 8 267 66 24948 


* A large per cent. here of slims. 
+ Almost all crax. 


PARSHALL 1910 


Our Plot in Middle Park on the Moffat road was a sandy brown mes 
loam several feet deep, with lighter colored and heavier subsoil on 
blestone drainage, an excellent potato soil. This was the third crop ff 
sage brush, the previous ones having been grain and turnips. Conditi 
were very fine when planted on May 6 and 7. The plot did not r 
water early enough, and was late when the freeze came on Augus 
which destroyed $1,000,000 worth of potatoes elsewhere, and 
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the record early freeze at the Experiment Station. Potatoes must have 
rotation with clover, alfalfa, or peas; and Middle Park is no exception; 
and such rotation regularly practiced will bring amazing results with all 
crops grown. This region, espectially with a James Peak tunnel, will be 
the closest mountain potato section to the Denver markets. Early potatoes 
can be ready at 8,000 feet by September 1. In 1909, our yields of Pearls 
—a medium late sort—were about 12,000 pounds per acre, on sage brush 
land at this point. 

The Seed Grown on Sage Brush Land, at high altitudes, if watered 
early, we find good seed for the Greeley district. See Montrose, Greeley, 
and Julesburg. 

The Pearl—first year Greeley or dry land seed—is the best main- 
crop potato for the Park. Rurals might be better on the heavier soils but 
are pretty late in maturing. For earlies the Cobbler and the Ohio are 
the ones to plant. 


YIELDS AT PARSHALL 
Planted 15x38, 


Vu 
‘ Variety and Source Total Stand 
n 
108 Pearson eer POG NOS nL Pais cc0voe Oise, Slinacave wos » w ates wvle's 3168 95 
106 PCA Wl ateeylie NSN LINO OU attic ela aicceuialeiedet!sa-anleiee ves 5040 88 
116 Pearl—1 yr. Parshall 5760 93 
104 Pearl—1 yr. Greeley 5904 88 
120 TREAT — De Wr Ries ea RO pete REREN Re UNG aca Sisrafa aire slye” aa. a) (aera. « 5616 95 
105 Pearl—2 yr. Greeley 5184 94 
107 Pearl—3 yr. Greeley ... 6048 +195 
119 Peachblow—Flagler 6348 89 
110 Downing—Carbondale 3816 12 
102 Challenge—Greeley . 5184 88 
101 Snowflake—Greeley .... 3024 70 
115 I. Snowflake—Maine 6984 86 
109 ie GCC NSS tOVE Pl a Naleiseistae eu etiunpleua een cas 3096 48 
113 PISOVIO= = MOOG RIVETS )ow nicisters se laldisun stele ieiaie aieyeieyece's scares 2664 94 
112 Sire Ve Ss = EDTA Stam siosctslwleie, Sciskeseyieee ataewlel Ui s-als pre eie ea’ 2736 95 
111 CODD RS NES arabia ie iaxertaiatcr tie el SMR. ona face a scalay’e ah0) cient a6 2160 15 
103 DWN aii ENING eo ait san Cae ea ae Pan tas otelle vec cel rcoelaicst nies, eles: e'te gietevatls 1584 95 
114 TN ey ES CO IL eye LO esses Mal otis cba piaistsc8 ial ceiielisjerevore 's5° a e)9 1018 70 
117 is ROSe-— Pate mall maar i ilvmials in dials cgi eujhs Wile bins vos 38876 74 


JULESBURG 1910 

Our plot here was an old alfalfa field, a gray loam, deep, with heavy 
but porous subsoil. It was irrigated early, plowed 8 inches deep, har- 
rowed, leveled, rained upon and harrowed before planting on May 4. There 
are few soils better than this type at Julesburg. The reservoir of the 
Julesburg Irrigation District broke its dam ear:y in the season, and the 
potatoes were never irrigated, while the rainfall was below normal, The 
potatoes were harrowed before and after they came up, and this was of 
great benefit. Potatoes intended to be harrowed should be planted deep, 
so as not to be harrowed out. 

Boxing is a British title applied to potatoes sprouted in crates and 
set out by hand. Quicker growth and better yields are claimed for the 
practice. The early season was dry and unfavorable for this test. Our 
conclusions here, at Greeley, and Montrose are that better results are ob- 
tained by the use of stubby, sprouted, just started, or greened seed pota- 
toes, in planters. ; 

Wisconsin Seed tested here proved to be 78% Pearls and 22% mixed 
Rurals and other sorts, Such mixtures are not tolerated in established 
Colorado potato regions. x 

Dryland Possibilities.—The most significant result of the work in 
1910 at Julesburg and one of the most important facts in Colorado agri- 
culture, was brought out because the reservoir broke, and the plot became 
a dry land experiment. The yields of 10,000 pounds per acre on the 
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standard sorts is proof of what can be done on loamy lands with good 
subsoil, without irrigation, if properly rotated with alfalfa, beans and peas. 
Dryland Rotations.—If peas are used they should be planted in the 
earliest spring time in rows for cultivation and on packed fall plowing or 
summer tilled stubble. Two years of peas are recommended, the first 
season cutting for hay, and the second plowing under the crop and summer 
tilling for potatoes to follow in the third and fourth years, returning to 
grain for the fifth year and then repeating. By this means all dry land 
crops will be vastly increased, and the irrigated potato regions greatly 
benefited by an adequate seed supply. The irrigation given the Julesburg 
soil before plowing we do not consider superior to summer tilling, 
Varieties and Seed Sources.—We have much evidence here as else- 
where that those regions which buy Greely seed should buy if possible first 
year seed, and this is of added importance if the stock is again to be 
used for seed. The excellence of the sage brush mountain seed from Par- 
shall and Montrose and the Cobblers from Mancos is affirmed in the yield 
of Rural, Pearl and Cobblers, and the desirability of dry landers’ planting 
both early and late sorts is again illustrated. The Cobblers did fine and 
were beauties. We can only wish them equal in table quality to the 
Ohio. We do not favor for Julesburg any varieties but Rural, Pearl, 
Cobbler, and Ohio. We believe that this region with good knowledge of 
type and varieties and the facts of Bulletin 176 can maintain its seed 
stocks somewhat longer on its deep lands than can the Greeley district. 


COOPERATIVE DRY LAND TESTS AT JULESBURG 


Four Tableland Farm families* cooperated with us in tests of va- 
rieties for dryland growing, and gave most hearty and much appreciated 


PLATE XXIII. 
The Doublebeam Shaker Digger Handles Early Potatoes and Ripe 
Vines Very Well, and is Much Better than a Plow, Cost, $10.50 Chicago; 
$12.50, Denver. 


aid in this work, On land carefully cultivated but not summer tilled or 
falled plowed in any case nor that had grown peas, beans or alfalfa, it 
was proven in this bad season, that dry landers can grow as a minimum 


50 or 60 bushels or even more of potatoes, This year Pearls did by far © 


*We say “families,” rather than “farmers,’’ because the women and 
young folks in the tableland farm homes take their full share of work 
and interest in these things. 


} 
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the best, as the moisture came late. Other years, especially with summer 
tilled land, early sorts like the Ohio will do better. Thus it pays to plant 
both early and late sorts to hit the season at one end or the other. 

Summer Tilling and better early conditions will make better shape 
and better seed as well as increased yield. See under Dry Land. Potato 
Growing, and Julesburg 1910. 


YIELDS ON THE STATION PLOTS AT JULESBURG 
Planted 14x38. 


iy | tag 
‘< Variety and Source Total Ware | Culls | g 
Dn | L_® 
22 HE OR10—pOXeOs <.acumue elation cat vals eee 10400 6200 4200 

25 Pr iwmMph——pO RCE wee heels -sisce pce vs * os 7360 3840 3520 

23 Win OW1O—-bORCd Meatless ac svdinisaeenes 5409 2254 3155 

27 Copbler——8 Vii msietette eee ates oes breve 12831 8554 4277 

24 GOP Der Siti mee letitalie rete climGatiers: ales 10692 7026 3666 
28 COP PTET Seine caus satlntvaiss ckehwiete vais isce.ece.ocere | 10450 8250 2200 

30 Perfectlton— BMT npystehetee. sein esis’ «s/s wie 8250 5500 2750 oe 
3 Cobbler——MamCOs vrirariswic _a'tla viv~alesie 11100 9200 1900 we 
4 Perfection=—Maine sais. cei. a ee wiskis oes 5600 4500 1100 wi 
1 IN|. ‘Bearity—— Maine sais sijsocs 0s ce ese ees 7900 6300 1600 

2 (Oo) 3) oi Ko} ea Bh Oo res oe ee eee 11200 9600 1600 a8 
14 PG asl STs Yr Geen s\aielis Gis ssyate, ess) onze) a sie 9700 8300 1400 {bi 
6 Ohio—Re@ RVers. bse cwieiecs as wleceares che 9000 6500 2500 se 
5 ONTOS ZIV De eee esse ase aig a reusv eveie.e-< 10100 8000 2100 

26 PP CAEI—— PO KOO si cetns eleleih infers! are lein os o's na 6700 5600 1100 oe 
13 Pearl— Andre ya Ge shelter opsin sisi sus e'wlee 9100 7200 1900 86 
31 SOBEL. oe ent ete Mieiensivt ease svare'en cunts 9900 8400 1500 67 
17 Pear l—Parvrsneale sate sists) \oielee «a.» os) 0 11300 9900 1400 84 
19 Rural—-MORELOSOM wenaicaee wisi sive secre 13100 11300 1800 ee 
12 (Peavl—— site ayn ps Covwatetetetake ler stelsitelaiea tia lols 11700 10200 1500 81 
16 Pearl— Montrose ciarwitinisen are ca eters’ sve wa 10100 8600 1500 70 
15 ‘Penrl-—Stoever Ps kishrsemieers celevetais «ia 10000 8700 1300 80 
18 Rural—ist. yr. G. 5 ; 10800 9200 1600 Rie 
20 Rural—Wisconsin 9800 8500 1300 

9 Peachblow—Flagler .. 8700 6400 2300 

10 Peachblow—8,000 ft. 8100 6100 2000 

ul Peachblow—Carbondale 8700 6800 1900 

ff Peachblow—Julesburg . 7200 5900 1300 

8 Peachblow—Greeley 8000 6400 1600 


FORT MORGAN. 


On June 9 we planted one acre at Fort Morgan with about 
1/20 acre, one row, each of the following as a test of sources of 
seed potatoes of standard varieties for Fort Morgan: 

Rural—Seed from four sources. 

Pearl—Seed from ten sources. 

Other Varieties—Three. 


Grasshoppers practically destroyed the field. None of us realized 
how serious this pest would be here in 1910, or a long narrow field be- 
tween grain and alfalfa would not have been chosen, A right good fight. 
was put up when we realized the situation, but we could not have won 
unless we had had the special sprayer and arrangements used at Greeley. 

Greeley Rules.—These will apply here, as to change of seed, deep 
cultivation, late planting, late watering, rapid harvest, as set forth else- 
where in this bulletin, In the vicinity of Brush heavy yields were se- 
cured, of excellent quality, both of Rurals and Pearls. 

Varieties for Morgan County will be the Rural, Pearl, Ohio, and 
Cobbler. First year Greeley seed will do well, as will dry land seed which 
shows no signs of running out. Sage brush land potatoes from the moun- 
tains will do well, as will Wisconsin seed. p : : 

Morgan County dryland potato growers will find their problems dis- 


cussed elsewhere herein. 
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the season, 
rental of water extra to t 
The Largest Yields, 


All Yields at Greeley, especially 
duced by serious shortage of water an 
Water was so high in price t 
hat normally sufficient. 
in the order named were secured with Carmen 
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of early potatoes were greatly re- 
d. holding it off too long early in 
hat we could not require the 


Planted - 15x38. 


GREELEY YIELDS 


rT ES] 
iy i 
‘< Variety and Source | Total Ware Culls & 
Dn | o 
321 Rural—Divide, return ..-----+s++eeers 9810 7630 2180 72 
322 Epicure—England ...---++++esseerees 6750 5250 1500 80 
323 Carmen I—Aroostook ...-++-+-++++++-+ 16974 15744 1230 74 
324 Pearl—Divide, return ...--+-+++eeeeess 13755 12838 917 Re 
325 Peachblow—8,000 ft. ..--+---eeesereres 10800 8800 2000 60 
327 Carmen I—Penn. ...---++ssereerereee 11305 9282 2028 82 
326 Abundance—England ...--+-+-+++++ee05 10115 7735 2380 75 
836 People—Carb. 2.022 s sneer ernest eee 10200 9400 800 83 
337 Carmen JII—Ist. yr. G...---seeeeeeee 7000 5500 1500 87 
338 People—Montrose ..--+++sseeereeeres 9500 8500 1000 70 
339 Peachblow—Flagler ..+++-++ersrrreee 12400 10000 2400 TT 
341 Peachblow—Carb. .-.-+-+++ seteerece 11900 9900 2000 15 
340 DOWNINS— CATV. bop veers a. oes eile ene 5500 8700 1800 88 
330 Old’s No. 116—Ohio ...---+e-eeeeeres 10920 9360 1560 90 
834 Ninety-fold—England ...-+-.++ «sree: 7739 6540 1199 70 
333 Banner—Red River ..--+++seeeeereee 12102 10810 1292 90 
328 B. Crawford—Ohio .....++-+--+ereeeeees 13180 11680 1200 82 
278 Pearl—ist. yr. G. .--seceeeeerereeees 6700 4800 1900 a4 
348 Russet —Carb. .-.cccven-s cece sce ewes 11900 10200 1700 92 
349 Rural—Montrose ....-+-+ veeeeerreee 9300 8600 700 85 
350 Rural—Del N. (big) .--------eeeeeseee 4200 3800 400 29 
351 Rural—ist. yr. Ge ..-2e esse eee eee veces 6300 5700 600 81 
331 Peachblow—Ohio ....---++++ ceeseese 8000 6500 1500 82 
332 Up to Date—Vermont ..----+++++s+ 10865 9840 1025 66 
335 Snowflake—AroostoOk ..--++++ seers 9064 8038 1028 84 
842 Pearl—DIvVide ... 0... ee eee cere neees 13500 12200 1300 96 
343 Pearl—S. P. (Li) --- ese ew cere ee enes 9400 7900 1500 92 
344 Pearl—Grover (N) .---+-+-+seerreres 12800 11300 1500 90 
345 Pearl—Grover (S)_ .--+-+++-seeecerece 14800 13300 1500 97 
352 Snowflake—Stove P. ....+-++eeeereree 7000 6000 1000 45 
353 Pearl—ist. yr. G. SOd......-+-seeeeees 12500 10700 1800 93 
354 Carmen IlI—Plateau V. .---.+-++-+++* 1 10100 9300 800 86 
346 People’s—Ist. yr. Gs .s-seee ec erseeces 7500 5700 1800 88 
347 Ce Et — Tiss yi Gee inc 0 eerste oy ein ieee osnnre 11600 9500 2100 97 
355 Carmen IDI—P. Vo wee esse see eseees 10000 9300 700 ale 
357 Garmen III—WisS. ..--s-+sreee terete 15500 14000 1500 95 
356 Garmen Tse ec ee cence seers enaees 11600 10600 1000 80 
358 Pearl—ist. yr. G. (S) --- eee eecceeees 12100 11000 1100 88 
359 Prolific—PagosSA ...-.eeeeeee veeeeees 13300 12400 900 75 
360 Pearl—Montrose, G. .-+---eeer er eeres 12000 10400 1600 97 
361 Dewdrop—Maine .....--+-+++++ seseee 12100 11300 800 76 
364 Pearl—S. P. (S) -scee cee et cree ceweare 10800 9800 1000 64 
363 People—2nd. yr..G. ...- et 11800 10700 1100 86 
362 Pearl—ist. yr. G (D) . 14300 12700 1600 89 
365 Pearl—Limon (N) ...-- 16900 15100 1800 91 
369 Pearl—S. P. (Li) .«.--:- 14300 13400 900 74 
370 Pearl—S. P. (lu) .---.-- 9400 8400 1000 48 
piri Pearl—4 yr. Montrose .... 11900 10700 1200 85 
3872 Pearl—Wisconsin ...--++-- 13900 13100 800 68 
SAME. ooia al oe wate 's 01's 14200 13000 1200 as 
GSaAHIE! hate apie late sere tmnerea 12800 11900 900 ie 
373 Pearl—S. P. (UL, 8) ------+2-+* 11600 10500 1100 ote 
Same, 18.0 asthe ne sian 13000 11900 1100 a 
374 Pearl—S. P. 3xK15 ....+--eeees 14600 13300 1300 Pao 
366 Pearl—Parshall (W) .--.+ee+eees 10900 10300 600 TY 
367 Pearl—Parshall (C) ....+-- 13500 12500 1000 TW 
368 Pearl—S. P. (R) ceecersescceces - 8500 7900 600 51 
380 areas] Hla LOMs Pamaieaiern cine em meetin rere eae mee =p ana rater me: 85 
379 Rural—list. yr. G. SOd ..---+seeeeeees 11100 10200 900 78 
378 Peerless—i1st. yr. G. .--ss-eeeecereces 10600 7900 2700 68 
377 Pearl—Foothills (N) .--+--eeeeeeecee 11600 10000 1600 85 
376 Peerless—Iist. yr. SOd ..-+---eereeeeee 7700 610 1600 60 
375 Pearl—S. P. small (L) .---+++-+-+++++' 11000 10300 700 68 
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I from Aroostook; Pearls from Limon, Colorado; Carmen III from Wis- 
consin; Green Mountains from Wisconsin; Pearls from near Grover; and 
Stove Prairie Pearls planted with three times the regular number of seed 
pieces (3 in each spoke). The Carmen I and the Green Mountain are of 
a shape unsuitable to Greeley conditions. The significant point is that no 
first year seed is in the first seven lots this year. 

Close Pianting of one lot of Cobblers increased the yield one third 
as did a double row of the same lot, while close planting of a first year 
Cobbler resulted in the lowest Cobbler yield. Close planting of Stove 
Prairie Pearl seed resulted in good yields at a cost for seed that would 


GREELEY YIELDS 
Planted 15x38. 


4 | re 

< Variety and Source Total | Ware | Culls | & 

D \ | I ee 
241 Bee Vickor— Kimball. occ sls oiaibalereie overs 14200 12500 1700 92 
243 Be Victor—Plateay, Viso cic ows see ewes a0 10900 9700 1200 85 
242 RES Fei Vee Ones NV LPC Verte eae de pelea Pata ONUE Stats, (ema 5) amis eae ve IR beayenecta cco 73 
244 NOTEtOn——Maine: 2.5. Si sea, pene eee na one 3600 2700 900 80 
246 mR ppeeciines——Car hs Vaasa nivienisrs ware. siale 11600 9900 1700 89 
245 i WAROSG——— EPOX GILMi g se ateusteae ete. a eie ee «anes 11000 9700 1300 87 
247 >) Ohio—— Parsi alls crcmusvaiatciagene ie) sa teiccaere 6000 5300 700 84 
248 R. Seedling —S. Pe SGVy” wrists stele ate cs 5900 5700 200 58 
249 Cobbler—Maine nc eincwen oe ecleies 4100 3400 700 73 
250 Cobbiler—ScCocts: aNuit Siverecteiale(ajaie, 6 cls ais 4500 3800 700 89 
254 Same—-JoOuUble TOW) srs cieie. «aya e ai ei erkw nw els 6100 4500 1600 89 
253 Copbler=—Sit 7B. a xd Oars aotege green seat csal vie 6000 4400 1600 84 
251 Cobpler—-ManGosix ci -k.rovere cuievetelet usueladt ens 6600 5200 1400 86 
252 Cobbier—Red! Rivers 3. sini sees cisleusesecstees 6000 4800 1200 69 
256 Cobbler—tIst.. yr. G.> 2x10 eis wee se 3100 2100 1000 (he 
255 We. ‘On10O—Pae OS8ai.:s.3:ccscste wee seratahonel totes fore 4200 2700 1500 93 
257 Wier OhlO—ReGe RIVER Wirmaiaie eiettheieta ats 5 3100 1800 1300 94 
258 WW? (ORio—Réd. River. ase «6 x weneine 3900 3000 900 87 
259 E. Rese—Red River ........-eeeeveee 9500 7900 1600 80 
260 Six Weeks—Red River .............. 4600 3600 1000 96 
261 PRIMO LT DIGS ELLY sacle heuers: vie eiel oo eenetorn fi 7740 6192 1548 80 
262 Noroton—Sapinero 130... .00.8 eevee , 2992 1936 1056 93 
263 BE, Ohio—Sapinero.... 2.5.6.0. e renee 6698 4334 2364 93 
264 B. Roser—Red RAVE wie ie acs viele wetness 6600 5300 1300 aa 
265 Triumph—Red River ........e+e.000- 4580 2748 1832 75 
266 Covbier—AKron, is. Goes waive leleesivoes ex 3658 2714 944 ae 
271 IBOvee—ATOOStOOIK. cn-sn. cs eckatinioa tarenrniete 7544 5576 1968 88 
267 Cobbler—Aroostook sieve, seine wines ee 3825 2390 1435 98 
268 Sunlight—Aroostovok ....... Aah aeseeca 4182 2706 1476 90 
269 Perfection—Aroostook .......66. 5973 4525 1448 95 
270 Dewdrop—Aroostook ......06 waenens 7800 5980 1820 90 
272 Woroton—AToostook cic. saapieteimeieieel ite eters fo eters es eben 50 
273 Bs. Ohio—Aroostook) <i. 5 Ja. eels esau ee 5713 4334 1379 98 
274 Six Weeks—Aroostook .............. 5900 4800 1200 87 
275 Burpee—Aroostook ....+- seveeeeeeee 2900 1900 1000 100 
287 Peachblow—Greeley. ....c0ce vewccwes 9400 7200 2200 Bc 
286 ESI — SO KEM 2;/. ci: oie scanjonh fevelelereesevet 7786 6412 1374 aie 
Pec IE A BOXEG. \)s 5a. sie) Latelsieinie sid mieheisys a 11700 10200 1500 Ao 
292 W. Peachblow—Boxed ............5- 12513 9288 3225 Ay 
291 J Ror: bt PES sXe b eaKe ll carer any es Perper nicephi gn aceon 8930 6000 2930 ore 
290 LEK ba teh aed Bie. dol Uae) Mcinioas iG herent o 8316 6264 2052 ad 
276 POAT MAIC <6. 0).55 s wieleve wie aie eldielarcisl/aie 8200 6500 1700 86 
277 J BUSia FES DYES OS REReReD Sead Gn Peccrtcee 11800 10700 1100 85 
280 Ufo] cin) SEW ean COREE NEAR CO OO Oa Ecc 11000 9400 1600 94 
283 Carmen III—Plateau V. .....--eeeenes 11300 10300 1000 78 
284 CE Coin WAS. sec vice en com ermeieiee. 9700 8400 « 1300 ue) 
279 i (eye el SS OE a] ah Meera a SEDER OrErONC: recess Suet 12600 11400 1200 91 
281 Pearl—Montrose, Go. .cee cece ves add oe 9400 8000 1400 93 
282 Pearl ———PamwOsay (Ge: lise areca’ eelcvoreweuierayeie 12500 11000 1500 87 
293 es MVE ——— WS Sieve ta d\siecels wi olen pate enersiaiays 15300 14000 1300 eS 
294 ee NEB WIS are iar ah soo: ay atele eore 4:05.00 14900 13600 1300 88 
295 EB. Ohio—Wis. ...... cralicl eval beate: etsvehene tetas aie 5500 4300 1200 91 
296 Thorburn’s Warly— ...eeeesereeeceece 14178 12638 1540 94 
297 State of Maine—Wis. .....--.+eeeeeee 12204 107385 1469 85 
302 Pat’s Choice—Wis. Aan aA Saimiegore 8500 7500 1000 45 
314 Downing—Montrose ......ee225 cseee 9180 7140 2040 15 
315 Rural No, 2—Wis. ...+-++++-e05 arate 13800 13000 800 94 
816 Carmen I—Maine ..... ore rel Pan lgabowellaxe 12528 10692 1836 91 
318 Taft—Ohio ....... Ree trie teynushonerans cue 5848 5440 408 aa 
319 Snowflake—Ohio ........202 seers sacs 7837 6462 1375 Ui 
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often pay. See Del Norte and Carbondale notes on close planting. 

Other Points that may be cited are the promise of the Russet as < 
secondary early, borne out on the other plots: that Pearls first year Gree. 
ley from Montrose sage brush lands did as well as any Pearls the firs 
year from dry land. This seed we have tried out for three years with the 
same result. 

Changes of Pearl Seed.—All lots taken to the Divide, to Pagosa, t 
the plains, to the foothills, to Stove Prairie, when returned have thi: 
season done better than local seed. There is no exception save the on¢ 
where run-out Greeley Pearls went to Montrose and returned. We finc 
elsewhere that the tendency to run out may be held in check so far a; 
yield is concerned, by changes, but will return at once, or after a season 
with ruinous results when the seed is brought back to the old conditions 
as often occurs with irrigated sod seed, at Greeley. 

Stove Prairie seed continues to give good type and good yield pe 
plant but very poor stands. We have shown that it paid this season t 
plant this seed thick in the row, Many tubers of seed size make up ¢ 
good yield, although they appear small. We brought down in Novembe:! 
1909 several lots of Stove Prairie Pearls and had them carefully storec 
at Greeley. The stands were improved by this careful storage only five o: 
ten per cent. During the winter of 1910 and 1911 we are securing Stove 
Prairie seed of different history to be tried in soils on hand from For 
Collins, Greeley, Del Norte, and Stove Prairie. Professor Sackett, ou 
pathologist, has twice visited Stove Prairie with us to try to find some clue 
as to the cause of this rot. We regard this as one of the most important 
and most puzzling problems we have on hand, 


SPRAYING FOR GRASSHOPPERS AND FLEA BEETLES 


Bordeaux Mixture* applied with a twelve nozzle four row sprayel 
which covered the whole plant was used by Mr. Atkinson five times on the 
whole plot of four acres, and on the Atkinson, Badger and Emerson farms 
to test the great value of Bordeaux as a repellant to grasshoppers and 
flea beetles, as reported in Vermont and on Long Island. See Potatc 
Insects herein. 


*Potato growers will find our arrangements at the Greeley plots foi 
preparing Bordeaux mixture very convenient. A platform is required 
some six inches higher than the top of the strainer used on top of the 
spraying machine, and the water supply should discharge quickly intc 
barrels standing on this platform. Four barrels are required: Twe 
called dilution barrels, with hose attached to empty them into the 100 
gallon tank of the spraying machine; while two barrels are use? fol 
stock mixtures. In one, 50 pounds of blue stone or copper sulphate sus- 
pended in a sack is dissolved in water and made up to fifty gallons, In 
another lime is water slaked in like proportions, one pound to the gal- 
lon, A box strainer with a bottom of common wire netting is then.set 
over the dilution barrels, and into one with a gallon dipper made Of 
galvanized iron, five gallons of the stock copper sulphate solution is 
poured out and made up with water to fifty gallons, Into the othet 
barrel, after stirring well the stock solution of lime, five gallons contain 
ing five pounds of lime are strained and made up to fifty gallons. At 
this point equal quantities of each solution are put into a wide mouthed 
bottle and after being mixed by shaking, the mixture is tested with a 
drop of potassium ferrocyanide solution made from ten cents’ worth of 
the drug. If a brown color results, the mixture will burn the leaves, and 
more lime from the stock barrel must be added to the dilution barrel 
until the test no longer shows brown. Then the two dilution barrels are 
emptied simultaneously into the sprayer strainer, the hose being regu- 
lated as to height so that the barrels empty evenly. Common blue stone 
costing about seven cents per pound in barrel lots, and the best of stone 
lime are used. Freshly slaked lime or that carefully covered with wate! 
and otherwise kept from the air is required. In some places lime con- 
tains magnesium impurities which are of no use in Bordeaux mixture. 
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RODUCTIVENESS AND DEGENERACY OF THE IRISH 
POTATO:* 
Preliminary Studies mostly within the Pearl Variety. 
By C. L. Fitch, Potato Specialist. 


There is every reason to believe that principles true of one variety 
ill be fundamental to all varieties of Irish potatoes. We submit these 
bservations, however, in their bearing upon one variety cnly. 

Cause of Tuber Degeneracy—We find that within the Pearl 
riety, tubers become deep eyed, knotty, long and unproductive , 
ecause Of conditions that make the whole plant tend toward going 
» seed. Attention is called to the’tendency of the tubers, which 
re enlarged stems, to be controlled in shape by the general habit of the 
lant. We also trace the branch and leaf habits which parallel tuber 
roductiveness and degeneracy, giving drawings of the typical charac- 
r+ of vines and corresponding photographs of tubers and using aerial 
ibers as proofs that certain tuber parts correspond to certain portions 
f other potato stems. 

Sexual Tendencies—We find the indicated factors of the tendency 
wards bearing seed to be early dryness, close and deep cultivation, 
ad disease. We find that tuber productiveness in Pearls is in- 


* The following is essential to the argument but not a part of it. 


HE PEARL, PEOPLE’S, AND THE BLUE VICTOR, IDENTICAL 
EXCEPT IN COLOR. 

The Pearl originated and still comes by bud variation from the Blue 
ictor. Of this family is the People’s variety. All are alike in shape, 
cellent keeping quality of the tubers, quick sturdy growth, and medium 
me of ripening. 

The vines and leaves, branching habit and tuber arrangement are 
ike in the three sorts, with the exception of the darker color of the 
hole Blue Victor plant, as might be expected from the tuber color. 

The differences in the tubers of the three sorts consist in color and 
e character of the outer skin. The Blue Victor is of a purple color 
hich, on exposure to the light, fades to a leaden brown, and is often 
reaked with white. This usually appears to be due to cracks in the skin, 
it sometimes appears to be the real outside color by variation, and when 
| covering an eye comes true in most cases both in the first propagation 
id in the succeeding crops of Pearls. The Pearl is brownish white with, 
best, a well russeted skin, but there are often smooth spots on russeted 
earls, or whole crops that are nearly unrusseted. In the People’s variety 
deeper brown characterizes even the unrusseted skin of tubers, and both 
e russeted and the smooth skin appear to be thicker. On all the three 
tts there are spots on occasional tubers, or more rarely whole tubers, 
hich resemble and are identical with each of the others,—including blue 
ots or blue potatoes from both the Pearl and the People’s. The color 
ncentrated at the dormant sprout tips of the three sorts of tubers, at 
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versely proportionate to the sexual development of the plant ; that 
the most degenerate tuber is grown by the plant which carries fully 
developed flowers and virile pollen; while those plants on which only 
the female portions of the flowers appear to be fully developed pro- 
duce tubers intermediate in form and yield, and that the best tubers 
and the largest yield are produced by the type of plant whose buds 
do not even swell. 


Practical Bearings.—Vhe way is opened to study out: 

1. What conditions insure productive seed potatoes. 

2. How to grow potatoes free from defects. 

3. What are the best changes of seed potatoes, and why. 


4. How best, if way there be, to grow Pearl seed potatoes without 
change. 


Additional light may be secured thereby on all problems of plant 
production where the seed is not the desired end. 


pecasional stem nodes, and which tints the underground part of the main 
stems, is alike in the three sorts,—deep in the Blue Victor, and faintly pink 
in the others. 

We go minutely into the characteristics of these three sorts because 
it is essential to our reasoning that the varieties are one, with three sorts of 
color; while the corresponding degrees of tuber degeneracy occur in the 
three colors and therefore cannot be confounded with the chance intro- 
duction of tubers of other varieties. 

Alike, among the three varieties, we find the same ideal types, the same 
average tubers, and the same degenerate forms. With tubers Nos. 4 and 5 
Plate IV, there is a change to a lighter color—a phenomenon not yet under- 
stood. In the Blue Victor, the “bastard” form is lighter pink than the 
others; among Pearls, the bastards are whiter and more waxy in color 
while in the People’s variety, the bastard forms, when placed beside Pear 
bastards show the deeper brown shade that is a characteristic difference 
betwen the varieties. 

The term bastard is one employed by growers and is herein used tc 
mean a certain degenerate form of tuber of the Pearl family. 

Environment of Plants Observed.—The writer has had experimenta 
plots at elevations of 3500, 4000, 4500, 4800, 6500, 7000, 7800,, and 8100 feet 
and on soils ranging from light sand to clay loam, and with fertility vary. 
ing from the limited nitrogen and humus content of lands never yet deeply 
moistened by nature and supporting only scant buffalo grass or scantie: 
sage brush, to that of irrigated alfalfa lands perhaps unexcelled in natura 
fertility and nitrogen content, See Bulletin 175 of this station for a dis 
cussion of The Potato Industry of Colorado. 

The Solution of a Leading Problem of one of the most highly specializec 
of farming communities is herein sought for the sake of that community 
and of the potato industry. The study is founded upon the previous worl 
of the Station and is an out-growth of that spirit at Greeley which make: 
potatoes and the intricate problems of potato growing the leading topi 
wherever farmers get together, whether at the open meetings of th 
women’s country clubs, or when neighbors talk over the fence in the field 

Other Names: Of the Pearl—Peerless, White Victor, Valley Prize 
Mammoth White Pearl, and, in the opinion of Sutton & Sons, the Puritan, o 
Great Britain. Of the Peoples—Polaris, People’s Party. 
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Future Development Work.—The way is pointed to explanations 
f the indicated superiority of seed potatoes grown under mulch and 
f those dug as in England before they are ripe. The promise of the 
iture is that conditions favor the production in the Rocky Mountain 
sgion of the new varieties of the future, because on the arid irri- 
ated plains the plants may be made sexual at will, be crossed, and 
1en be developed under ideal irrigation conditions in our mountains. 
mprovement in varieties, which normally have a greater sexual de- 


PLATE II, AN IDEAL HILL OF PEARLS. 
Without Compound Eyes, Deep Eyes or Knots. 


slopment than prolific Pearls, will doubtless be found in the selection 
f those plants and tubers which are the most completely asexual in 
abit. 


N OUTLINE OF THE OBSERVATIONS ON WHICH THE 
FOREGOING IS BASED. 


The Pearl Potato and the Pearl Seed Supply.—The Pearl is 
iedium in time of maturity, and is better adapted to most regions 
f Colorado than any other sort. It is a great surface feeder and is 
lapted to soils made shallow. by underlying moisture or gravel. It is 
good keeper, and its vines are little subject to attacks by Fusarium, 
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r its tuber to dry rot. The quality is excellent under good conditions. 

Those regions which find Pearls their best variety are unable 
0 maintain Pearl yield or shape, and are compelled to buy seed from 
ther regions every year for raising the seed tubers to plant the large 
ields for the following year. Greeley also finds the Pearl variety 
ubject to knots. In fact the most pressing economic need for the 
otato industry of Colorado is the increase and betterment of the 
earl seed supply. 

Pearl Vines, Tubers and Blossoms.—The most productive Pearl 
rine (No. 1, Plate III.) stands, not erect in any of its parts, nor yet 
rostrate, and is typical of good conditions and good yields of tubers, 
ree from knots and from deep or compound eyes. Where subjected 
o early drouth and close deep cultivation (No. 2) and then given 
bundant moisture, the main stems grow longer and interfere with the 
unning of water as they become prostrate from the weight of “risers’’ 
vhich grow straight up from the nodes. The tubers produced by 
his common type of vine, while usually good, have deeper eye pits 


PLATE IV. COMMERCIAL PEARL SEED. 
Ts 2. 3. 4, 5. 


Good Fair Intermediate Pearl Shaped Pear Shaped 
Bastard Bastard 


ind more bulging eyes, and are subject to knots. About September 
rst good fields of No. 2 look like alfalfa fields, the growth is so rank 
ind the surface of the field so even. Such a field is shown in the 
yhotograph, behind the irrigator, with a single No. 3 vine in front of 
he coat. Plate VI.,page 2. 

This type (No. 3) marks the change from value to worthlessness. 
Fields that are rough and ragged over the top from the presence 
of No. 3 and No. 4 are undesirable as a source of seed. These vines 
ire much alike, except that No. 3 divides the top. The blossom of 
No. 4 is more developed, and its tuber shows sudden and great degen- 
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eracy. Both No. 3 and No. 4 have been found only as single plants 
in the hill, which peculiarity may be attributed to strong tendency in 
the seed piece to grow single stalks and no side branches at the eye. 
No. 5 bears fertile pollen and large fruits with many vigorous seeds. 
It has more than one plant to the hill and loses the strong central char- 
acter, but all the branches are erect, while the tuber becomes a Pear 
shaped degenerate. There are of course forms intermediate between 
these types, but as a whole the steps are surprisingly distinct. 

Pearl intermediates and bastards are found in the crop from the 
same seed which under better conditions produces only Nos. I and 2. 
For instance, a lot of Pearl seed, grading No. 2, from Del Norte, pro- 
duced at Carbondale, in 1910, no intermediates or bastards, while the 
same lot of seed under the degenerating conditions of 1910 at Greeley 
produced many of both intermediates and bastards. We have found 
the same true with us time after time from seed sorted and restored, 
tuber by tuber by experts. 

Sexual Tendencies Stronger than Selection in the Greeley district. 
The writer for four seasons, commencing with 1905, practiced near 
Greeley hill selection* of seed potatoes. In 1908 he selected from hand 
dug hills in the field a carload of seed Pearls and in 1906 a half car- 
load. The tubers kept good in shape, even improved in outline, 
though the eyes were a little deep, and the reduced yields were ascribed 
to seasonal and other causes. The main stems became gradually 
stiffer. After the fall frosts the “first year” vines were prostrate, 
their leaves in the ditches, and the stems showed white as they lay on 
the hill, while the “pedigreed” vines had stiff upright center stalks 
which carried a brown flag of frosted leaves. ‘The fields could thus 
be told apart to the row by their color as far as they could be seen. In 
1909, on the same farm, because, it seems, the seed-bearing tendency had 
accumulated to override all other influences, the type and yield gave way 
to long cylindrical and irregular shapes with many bastards and seed 
balls. These Pearls in 1909 did very well at Pagosa and at Montrose 
and fairly well on the college plots, but, in 1910, from all these sources, 
on our various plots, and at Pagosa and Montrose, in private hands, 
showed their degeneracy of vine, tuber and yield. We have noted at 
Carbondale the gradual improvement of Pearls and other varieties long 
grown under ideal conditions, as compared with the type of Pearls 
more recently brought from places where they had approached the 
intermediate form. 

Blossoming of Pearls——Neither the Blue Victor, the Pearl, nor 
the People’s when at its best blossoms at all. The buds form early on 
relatively obscure stalks, but do not swell, do not show any color be- 
sides green, and soon blast and break off. This is true of vine No. 1, 
and to a large extent of vine No. 2, which last is characteristic of the 
Greeley district. Vine No. 2 will sometimes show color in the buds 
before they fall, and adverse conditions may produce late buds of this 
sort on No. 1; while severe dry early conditions will incline the habit 
of No. 2 in August strongly toward that of No. 2. and late bloom will be 
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profuse. The blossoms of No. 3 are usually abundant, and while the 
female parts appear to be well developed the stamens are incompletely 
developed, and do not bear pollen. No. 4 is like No. 3, but with great- 
er sexual development and a marked approach of the tuber toward 
that of No. 5, which bears abundant large seed-balls, with many and 

vigorous seeds. 


PLATE V. PEARL BLOSSOMS. 
Drawing by Miriam A. Palmer. 


Intermediate Forms have a green- No. 5 Vine bears fertile blos- 
ish yellow stamen, sometimes soms with ful: corollas and 
replaced by a hair, and always orange colored stamens, with 
lacking in shape, color and pol- abundant virile pollen, 


len. No. 3 vine. 


Conditions at Greeley—tThe soil in this region, when well rotated 
with alfalfa, and especially when manured for a series of rotations, is 
exceedingly fertile, so that there are farms on which for years a yield 
of forty bushels of wheat per acre has been the minimum and where 
sixty bushels has been exceeded. As in most of the upper plains 
regions, there is a large element of adobe or gummy clay present in the 
major part of the soils of this district; and even when a part of sandy 
friable loams, this gummy ingredient is an adverse factor in the grow- 
ing of potatoes, especially under irrigation on lands rather too flat* for 
water to run without puddling the sides of potato hills. Thus, with 
conditions favoring soil diseases of the potato, it has been proven by 
long experience at Greeley that on the average farm very close and 
very deep cultivation is the most profitable. The region and its peo- 
ple co-operate well and this system when once worked out has been 
applied to all lands alike, even where greater slope and more open 
soil make so rigid a system less desirable. 


*See in Bulletin 175, Irrigation, Potato Diseases and Cultivation. 
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To make the best use of water and to delay air exclusion, if pos- 
sible until the cooler weather of late July and August, irrigation is 
put off until the plants show considerable signs of suffering for water, 
or until in most cases after the first blossoms have opened and the 
tubers set. In most seasons there is moisture about the lower roots 
sufficient to sustain the plants, but as no rains come, there is not 
moisture enough above the seed piece, and no tubers are set until 
well into August, because tuber stems do not start unless moisture 
is in actual contact with the main stems. This is the chief reason 
for hilling potatoes—to more thoroughly mulch the soil about the 
main stems, and is said to have been discovered in Germany in the 
early days of potato culture there. It is one of the basic principles 
of potato growing. 

Thus in the Greeley system the deep close cultivation tears off 
side roots, dries out the soil, and reduces the food supply at and prior 
to blossoming time. A well known scientific law which applies both 
to animals and as here to plants has been formulated by Doctor J. C. 
Arthur of Purdue University as follows: “A decrease of nutrition 
during the period of growth of an organism favors the develop- 
ment of the reproductive parts at the expense of the vegetative parts.” 
With this fact all the farmers are familiar in its application to farm 
animals, and, in Colorado, growers of wheat and of alfalfa for seed 
production know that the withholding of water at a certain stage of 
growth increases the set of seed. 


Associated at Greeley with methods that reduce the supply of 
available food at the budding and blossoming season, we have an un- 
natural delay of tuber formation, and the use of food therefore, fol- 
lowed, when irrigation at last commences, by the instant availability 
of a large food supply. ‘Thus we have all the requisites for variation* 
of the plant in all its parts at the time of tuber growth in the direction 
of any impulse given it by previous conditions. Disease is also a 
large factor, often the largest factor, in potato plants tending toward 
going to seed. Often when the underground stems and tuber stems 
are attacked, especially in rich conditions, by fungous disease, there 
is induced a trouble called in Colorado “Little Potatoes.” The promi- 
nent symptoms of this disease are the growth of large vines and many 
and large side branches, and the formation above or just below the 
ground of many small knotty tubers. These side branches 
blossom profusely, even when grown from tubers borne by prolific 
non-blossoming plants, but do not appear, the first season, to bear 
pollen. 


*Abundant food supply is recognized by plant breeders as promoting or 
allowing variation, reversion, or “sporting;” and wild plants are considered to 
be more stable and uniform in their characteristics because struggling in 
nature with other plants for food, they are less richly nourished than when 
cultivated by man and thus favored, protected and allowed to develop freely 
their inherent analitiec 
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Professor Alvin Keyser cites the work of Professor E. G. Mont- 
gomery, which affords a somewhat parallel phenomenon with Indian 
corn. About fourteen nodes are typical of the corn stalk, the upper 
seven of which are long and may develop tassels or male flowers, while 
the lower seven have power to develop female flowers and 
ears of corn. Normally one or two ears are formed and at upper 
nodes of the lower seven, but in the case of accident or removal of the 
ears naturally developing, ears may be formed at other nodes, and ex- 
perimentally it has been found possible to induce the development of 
ears at all of the nodes. 

The Influence of Nitrogen —“Speaking generally, excessive food 
supply leads to infertility among both plants and animals. The former 
vegetate luxuriantly, but they do not blossom and fruit so abundantly 
as under a full but moderate supply of plant food.” We were justified 
in making the assertion “that extreme proportions of nitrogen produce 
luxuriance in stem and leaf at the expense of flower and fruit.’’* Potatoes 
need rich conditions to continue productive vegetative growth. Ex- 
perimentally and in commercial practice we find that seed potatoes 
grown from good stock and under good early conditions of moisture 
and health, but with only a moderate amount of plant food, on our 
buffalo sod or sage brush ground,t expand into remarkabe vegetative 
and tuber growth when planted on our rich alfalfa lands, are most near- 
ly asexual in habit, and have the finest tubers the first year, with usually 
the largest production the second season. 

Change of Soil—Change from one region to another, or from 
one farm to a different but not richer soil, affords a change of food 
which is also a stimulus to potatoes and retards sexual development, 
thus maintaining to a degree good tuber shape. We find, however, 
that constant change may hold in suspension for several years the 
tendency to seed bearing and tuber degeneracy, which may then come 
suddenly, on return to less favorable conditions, or on being grown 
for a second year on the same ground. 

Identity of Tuber Parts—Aerial tubers give the best proof of the 
morphology of tuber parts. Plate VII is a Pearl plant from which 
the tubers were removed by hand in 1910 at Del Norte. In this case 
the plant not only enlarged upper branches, many of which formed 
into tubers, but also enlarged the main stem with normal potato-tuber 
tissue. In Plate VI, page 2, note a Pearl tuber also from Del Norte 
in 1910, the result of disease. One portion of the tuber was grown 
above ground and one below. ‘These tubers show that the eye yoke 
is the laying of the leaf onto the stem; that the yoke point is the remnant 
of the leaf stalk base; that the sprout tips are the ends of leaves later 
to be followed by the sprouts; that knots are swelled, protruding 
branches of tubers; and that “compound” eyes are but lesser knots. 
The emphasis of the yoke on aerial tubers is quite like the dif- 


* EK. Davenport in Principles of Breeding, 1907, page 226. 
+ To a less deoree this is true of seed potatoes grown upon pea stubble. 
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ference of main stems below the ground and above. Below ground 
the stems are smooth, while 
above ground potato stems are 
squared by successive leaves 
whose bases spring from the 
stem. In Pearl bastard seedlings, 
which are. strongly sexual, the 
stems are squared—even wingec 
by the leaf stems. 

Color and Degeneracy.— 
With the old Peachblow, and 
with Pat’s Choice and other va- 
rieties, the pink color follows the 
yoke lines, and _ strong color 
seems associated with sexual or 
degenerate tubers. With Ohios 
and improved Peachblows, the 
better the conditions the lighter 
the color of the tuber, and the 
worse the conditions and the 
type, the deeper the red color. 
the heavier the yokes and the 
deeper the eye pits or the more 
protruding the eyes. With 
Ohios, knots and seed ends are 
often of color diverse from that of 
the main tuber, or of other knots, 
possibly from varying influences — 
during growth: Similarly, we — 
often note different types on the 
same tuber, and we have a photo- 
graph of a Cobbler tuber, which 
is long, and in three sections— 
the first round, the second elong- 
ated, and the third a true Cobbler 


Pearl Aerial and Main Stem Tubers. 78%": Peachblow ueeeet 
The result of removing natural tubers. project the main stem forward 


: ~ with all the end eyes and form 
either a new tuber or an end knot, usually of a darker red color. 


PLATE VII. 


HYBRIDIZING. 


The Pearl is one of our healthiest varieties, is medium early and — 
a heavy cropper. If in a large selection of hybrids with the Rural we — 
could find one plant which retained the desirable qualities of the Pearl — 
with somewhat more of the balance and smoothness of the Rural tuber, — 
the value to the Colorado industry would be great. At Del Norte, in 
1910, Francis Chisholm made sixty-seven crosses both ways between the — 
two varieties. TT ens een dyyed axe ead Ave lei webspace reals ee a Rena ye 
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reduced the number to seven. One of these was of Rural pollen on 
Pearl and contained no seeds. The six of Pearl pollen onto Rural all 
bore abundant seeds. We judge incomplete fertilization characteristic 
in Colorado of Rural pollen and of the pollen from the Early Rose 
family as we cut open 650 seed balls of these sorts and found no 
seeds. 

Next to the improvement of the Pearl, the most important work of 
this kind in Colorado is the introduction of some more disease resistent 
factor into both vines and tubers of the Rural family, and this result 
may be obtained in connection with the improvement of the Pearl. 

A third object is the securing of a better early variety than the 
Ohio or the Cobbler. If the desirable qualities of these two varieties 
can be combined, the benefit will be very great to all who grow or who 
eat potatoes. 

Our experience indicates that the crossing of varieties can be 
done with the best success at Greeley and Del Norte, and that selection 
and development is likely to be most successful at Carbondale. We 
find also that the best conditions for final seed potato production are 
likely to be those of the dry regions of Northeastern Colorado or of 
the Arkansas divide, and of high sage brush lands under ditch. 

It is calculated that if Pearls can be made to run smooth and not 
knotty, and Rurals made more healthy and a little earlier, that the Colo- 
rado crop will average to be worth at least five per cent. more money. 
‘ Such improvements should be accompanied by at least an equal gain in 
yield, as herein foreshadowed, so that we may expect such work if 
eventually successful to increase the returns from potato growing at 
least ten per cent. in Colorado. This percentage on our crop is already 
$600,000 per year. 


BALANCE: A NEW TERM DEFINED. 


' Balance may be here defined as the proper relative growth 
of the main stem, branches, and leaves and the proper relative influ- 
ence indicated by aerial tubers to be exercised by each upon the shape of 
tubers formed by the swelling of underground stems. Eyes are shallow 
when the leaves and branches are in balance each with the other, and 
affect the surface of the potato equally. With such potato vines as 
have strongly sexual main stems tending to become seed stalks, the 
branches of the main stem are relatively weak and short while the 
leaves and the leaf stalks are very strong so that the main stem is crook- 
ed and takes an altered direction from every point of division from the 
leaf stalks, In the tubers borne by such plants, the leaf yokes are very 
prominent and the bottom of the eyes, which are the tips of the branches 
or sprouts, are receding, thus forming deep eyes. In such tubers in 
most cases the number of branches and the number of leaves includeed 
within the tuber are increased so that the tuber is relatively long with 
many and deep eyes. The formation of such tubers from stems whose 
counterparts above ground bear many short branches and many stiff 
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leaf stalks growing from a stem of elongated character may be conceiv- 
ed to account for such tubers being circular rather than elliptical in 
cross section. The better the balance of tubers the flatter they are and 
the more run out the more nearly circular their cross sections. 

Strong side branches and the tendency of branches to turn upward 
appear to be coordinated with tubers being flattened, as are all our 
sorts to some degree when most productive, and with the fact that most 
of the eyes of such tubers are on the upper side. When first formed, 
such tubers are not flattened, the Rural for instance being, when newly 
formed, circular in cross section, and later flattened.* 

Aside from the above stated element of proper balance in potato 
plants, there is another element of balance, the tendency of stems 
either to stop growth before the tuber growth ceases, or to go ahead of 
the growth of tuber parts and tissue. The improved Peachblow potato 
is perhaps the best example of this. It has in many cases a recessed 
seed end, and in many cases it renews growth from this end, forming, 
especially with seedlings, which are more sexual, a series or even 
a “necklace” of tubers on one stem. In this variety also there is a 
noticeable tendency for growth to start from within the tuber, possibly 
from dormant buds. Large tubers of this variety crack very seriously 
and within the cracks are found what appear to be internal tubers or 
knots bearing eyes like those on the exterior surface of the original 
tuber. When flattened, large Peachblows seldom crack. 

The element of balance shows in Pearls in another way namely that 
tuber stems of more strongly sexual plants are more subject to the 
tendency of the branches to grow and form knots. Growers common- 
ly say that uneven watering occasions knots, and they are undoubtedly 
right, except that the tendency of previous years is perhaps a more im- 
portant factor. 


HARMONY OF PLANS FOR POTATO BETTERMENT. 


It is a great satisfaction to feel the entire harmony of objects 
sought in potato breeding. Within the bounds of a variety the largest 
yields, the most desirable flattened tubers, and the shallowest eyes, 
go together. Conditions that favor one of these qualities favor the 
others. The largest profits to growers, and best quality for the house- 
keeper come from the same fields. | Undesirable cylindrical shape, 
undue length of tuber, bulging or “compound” eyes, knots, deep eyes, 
and irregular shape, altho affected by varietal differences, appear to 
have common causes and common remedies. 


*Flattened seed tubers, other things being equal, may be expected to be 
most productive. We have noted this with Snowflakes and have found the 


Russet to be quick to respond to selection of wide seed tubers. At 


Carbondale, in 1910, we obtained from wide seed Russets 6,257 pounds per 
acre more than from slender round tubers of the same stock. 


| 
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TUBER PARTS NAMED. 


This plate is prepared to make clear the definitions herein given 
of tuber parts and defects. The plate is numbered from 1 to 16, as 
below explained. 


DRAWING BY 
cL. FITCH 


TUBER NOMENCLATURE; PLATE VIII. 


1. Longitudinal section of a tuber with defects. 
2. A portion of the main stem of a potato plant. 
3. A Pearl tuber with recessed stem end. 


4. Leaf Yoke or line of separation of the leaf from the stem and 
corresponding to the eye yoke at No. 5. 


5. The Eye Yoke on a good tuber has only the central portion 
On degenerate tubers, it is stronger, and on aerial tubers runs 
down at the ends as indicated by the dotted line at 5. 


6. The Yoke Point is absent on the best tubers but is strong on the 
sexual tuber shown on Plate VI, page 2. No. 6 corresponds 
to No. 12, the stub of the leaf stalk. 


Gia ve Knot or protruding tubered branch, accompanied by a deep 
eye pit. 

8. The eye pit is here deep. 

g. A deep eye pit without a knot. 

10. A heavy eye brow and a deep eye pit. 

11. A compound eye and a deep eye pit. 

12. The stub of a leaf stalk, corresponds to No. 6, the yoke point. 
13. Eye blinds are little bracts just outside the sprout tips. 

14. A side sprout tip. 

15. A main sprout tip. 

16. The group of eyes here suggests the growers’ name, seed end. 
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GOOD PEARL SEED POTATOES: TEN RULES. 


Founded upon the foregoing or explained thereby. 


PEARL SEED IS BEST TO BE: 


1. From a field free from bloom and the ragged appearance pro- 
duced by the presence of many vines of types Nos. 3 and 4 


2. Of true Pearl shape without yoke points or deep eye pits, and 
with the fewest possible knots and compound eyes. 


3. From dry land sod or high altitude irrigated sage brush lands 
with plenty of slope. 


4. Brought from less to more fertile lands—not the reverse. 


5. Exchanged between farms of the same region, rather than kept 
on the same farm. 


6. Not from land where, if soil diseases are a factor, the crop was 
grown after potatoes. 


7. From fields watered early, where slope and temperature allow 
this to be done without causing disease. 


8. If from above the ditch, from summer fallowed lands planted 
rather deeply. 


g. From fields which produced a good yield of medium sized 
tubers, and did not run too large, because in the latter case 
the tubers of seed size are apt to come from the weaker hills. 


10. From special seed patches planted close, and perhaps dug early. 


CHANGE OF PLACE OR SOIL is not the whole problem. 
THE TYPE OF THE TUBER does not answer all our questions. 
AT LEAST THREE YEARS HISTORY of the stock is necessary. | 
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HOLD-OVER BLIGHT IN THE PEAR 
BY WALTER G. SACKETT 


There seems to be some difference of opinion among the fruit 
growers in this state as to whether the microorganisms which produce 
fire blight in the pear, apple, quince and apricot can live through the 
winter in the diseased limbs, twigs and fruit of the previous season 
under Colorado conditions and still retain their virulence in a degree 
sufficient to start off a new attack in the spring. Practically all agree 
that the hold-over form of the malady exists in the old cankers of the 
trunks, such as are found in the Ben Davis tree,and most of them are 
familiar with the characteristic oozing of the sticky gummy material in 
the spring, but the disagreement which has arisen has been concerning 
its persistence in the smaller limbs and twigs. 


On the one hand, if the germs can survive the cold weather 
and the drying, then there is the greatest necessity for thorough in- 
spection and careful removal and destruction of every infected portion 
of the tree before any new growth begins; on the other hand, if the 
causal organisms are destroyed by natural agents, there could be a 
big saving of labor at the time of the year when the orchardist’s 
services are in demand for the routine pruning. He would not 
feel the urgent need of cutting out the blighted wood before doing 
anything else, and could postpone this to a more ‘opportune time. 
Furthermore, the usual precautions to disinfect the tools and freshly 
cut surfaces, when working in blighted material, would be unnecessary, 
and there would be no objection to removing the diseased limbs 
while the general pruning was being done, so far as spreading the 
contagion is concerned. 


It is not at all uncommon to find in the literature on this sub-. 
ject such statements as the following: “the germs gradually die, due 
to drying out of the canker so that at the beginning of the dormant 
season very few™ such cases show live germs present ;” “The key to the 
whole situation is found in those cases of active blight (comparatively 
few) which hold over”; “These fez cankers in which the bacteria 
survive the winter are called ‘hold-over’ cankers.” The writer is” 
likewise guilty of having made a similar statement in a former pub- 
lication, not upon its own authority however, but from information 
furnished him by a well known horticulturalist, familiar with Colorado 
conditions. Everywhere the tendency has been to underestimate 
the prevalence of hold-over blight, in spite of the recognized fact 
that were it not for this form of the disease, blight could not be carried 
from one season to another. 
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Inasmuch as there was no first hand information available on this 
subject for the higher altitudes, based upon actual laboratory examina- 
tions, the writer has undertaken a study of Hold-over. Blight as it oc- 
curs in the arid climates, with the hope of adding something to our 
present knowledge, as well as obtaining more exact data than the well 
meant but too often unreliable facts given by casual observers. It 
seemed to me that if unfavorable conditions for the survival of bacteria 
existed anywhere, they should be found here, in Colorado.- The dry 
winter winds, which often blow for days at a time, are notorious for 
their destruction of vegetation; the sun shines almost continually 
throughout the winter months and the temperature often falls as low 
as —16° F. to —22° F. It would be difficult, indeed, to find natural 
agents more inimical to microbic life than drying and direct sunlight 
combined with the possible injury by low temperatures. 


The investigation was begun in the summer of 1909, and has been 
carried on through the winters of 1909-1910 and 1910-1911. In order 
that we might have hold-over material with which to work which we 
knew contained the living germs in an active condition during the 
growing season, we visited certain orchards in the summer time where 
the blight was in progress and tagged a number of small limbs and 
twigs varying in size from I m.m. to 40 m.m. (3-8 to I 1-2 in.) in 
which the blight was unquestionably present. Material from five 
different orchards has been examined. ‘These orchards, scattered over 
a wide area, present climatic conditions representative of practically 
2000 square miles of fruit land on the Western Slope. 


METHODS 


Since it has been shown that the bacteria in the hold-over cankers 
are usually found in the zone just next to the living tissue, we always 
made it a point, when collecting the specimens to take such sections of 
the limbs as would include the lower boundary of the blighted, discolor- 
ed area together with a few inches of the adjacent live wood. 


Immediately befor making our isolations, each specimen was wiped 
thoroughly with a 1-1000 solution of mercuric chloride which was al- 
lowed to dry on the surface. This precaution was taken in order to 
eliminate as far as possible exterior contaminations. 


The outer bark was removed with a scalpel, sterilized by boiling, 
and with a second sterilized scalpel, a diagonal cut was made just 
above the junction of the blighted and healthy areas, through the 
cambium into the wood so as to include portions. of both the diseased 
and healthy cambium. Small pieces of both the blackened and nor- 
mal cambium were removed with aseptic precautions, and dilution 
plates were made from this material in nutrient agar, +15° Fullers 
Scale. ‘he plates were kept at 20° C. and after four days, the char- 
acteristic Bacillus amylovorus colonies were isolated onto agar slants. 
In addition to verifying the cultures as B. amylovorus by cultural and 
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biochemical methods, they were all inoculated into pear seedlings in 
order to determine their virulence. 


EXAMINATION OF MATERIAL. 
The first collection of hold-over blight material, tagged during 
the summer of 1909, was made Feb. 28, 1910. At this time twenty-one 
specimens were obtained representing three different orchards. From 


Fig. 1. A and C. Two pear seedlings five days after being inoculated with 
cultures of B. amylovorus isolated from hold-over canker April 21, 1911 


COLO. EXPT. STA. 


Fig. 2. Hold-over canker on pear twig showing characteristic cracking. irom 
which the oozing takes place. 


seven of these, or 33.33 per cent, cultures of B. amylovorus were ob- 
tained. Three of the limbs were between one, and two and one-half 


Horp-Over BLIcHt IN THE PEAR 5 


inches in diameter, and none contained living germs of blight. ‘Ten of 
the samples varied in diameter from one-half to one inch, and the 
remaining four were water sprouts. ‘The seven positive cases all oc- 
curred in the branches having a diameter of one-half to one inch, and 
four of these were small yearling twigs of 1909 growth. Only one 
series was examined for the season of 1909-1910. 

On Jan. 26 and 27, 1911, the first collection for the 1910-1911 
series was made. The winter was regarded locally as open with con- 
siderable snow and rain. At this time twenty-eight samples were se- 
cured representing three orchards, two of which were different from 
those used during 1909-1910. Virulent cultures of Bacillus amylovor- 
us were obtained from six or 21.43 per cent. of these twenty-eight 
branches, and when 48 hr. cultures of the microorganisms isolated 
were introduced by needle pricks into the growing tips of pear seed- 
lings, one culture produced typical blackening in four days, two in 
five days and three in eight days. 

The second series was gathered from the same orchards April 
12 and 14, 1911. In one of the orchards, the peaches, apricots, cher- 
ries and plums were in full bloom. ‘The pear buds had burst but the 
blossoms were showing no color. Apple buds were swelling. No 
oozing was observed from the blight cankers. In another orchard, 
the peaches, apricots and pears were in full bloom; the cherries and 
plums had already shed their blossoms. Apples were just beginning 
to show color. No oozing was visible. In the third orchard, peaches 
and apricots were in bloom, apple buds were about to burst, and the 
pear buds had opened but were showing no color in the blossoms. ‘There 
was abundant oozing from the blight cankers on the larger limbs. In 
all, thirty-four branches and twigs were obtained, twenty-four of which 
came from the third orchard. The isolations were made April 21 and 
22, and of the total number examined in this series, eight or 23.53 per 
cent. yielded virulent cultures of the blight organism. Five of these 
produced typical blackening of the pear seedlings in seven days, two 
in eight days and one in sixteen days. 

The following table, No. 1, may be of interest in showing the re- 
lation between the occurrence of B. amylovorus and the size of the 
twig, as well as the character- of the microbic flora in the blighted area. 
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Relation between size of twig and occurrence of B. amylovorus. 
Material collected April 12, 14, 19TT. 


(Table No. 1.) 


1 
Diameter of Presence of 


Character of microbic flora found in 


twig in B. amylo- blighted wood. 
. | millimeters vorus , 
12 — Moulds 
13 -+- Pure culture B. amylovorus 
16 — Sterile 
13 —_ Mixed, cream and yellow colonies 
13 “h Pure culture B. amylovorus 
10 — Sterile. 
14 — Fluorescent green colonies 
12, — Fluorescent green colonies 
7 — Sterile. 
©) ++ Mixed, B. amylovorus 
10 — Moulds. 
7 -|- Pure culture B. amylovorus 
12 + Pure culture B, amylovorus 
13 + Pure culture B. amylovorus 
17 — Moulds. 
16 — Moulds. 
12 — Moulds. 
14 a Moulds; cream and yellow colonies. No. 
B. amylovorus. 
15 + Pure culture B. amylovorus 
14 — Moulds. 
16 — Sterile. 
23 Mixed; yellow, green and white colonies 
30 _— Cream colonies 
21 _ Moulds 
23 — Mixed; yellow and white colonies, 
moulds 

47 = Pale cream colonies 
36 = Yellow colonies and moulds 
30 + Pure culture B. amylovorus. 
28 — Yellow colonies 
28 _ White stellate colonies 
38 — Sterile 
20 —_ Moulds 
26 = Sterile 
2 = Sterile 


: 
: 
] 
; 
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Table No. 2 gives the summary of the results of the two years’ ob- 
servations. 
Summary of Hold-Over Blight Determinations. 
I9QO9-I9ITI. 
(Table No. 2.) 


Date of Col- | Date of Ex- | No. of Twigs | No. containing|Per cent con- 
lection amination Exainined living. B. taining living B. 
4 j ainyloyorus amylovorus 
Feb. 28, 1910 |Mar. 4, 1910. 21 7 Siebel 
Jan. 26, 27. 1911)Feb. 4, 1911. 28 6 21.43 
April 2, 4, 1911)Apr. 21, 22, 1911 34 8 PRN 


Total number twigs examined, 83. 
Total number twigs containing living B. amylovorus, 21. 
Total per cent twigs containing living B. amylovorus, 25.3. 


Closeley related to the question in hand, is the persistence of the 
blight organism in the pruned twigs. We have always advocated and 
insisted upon the prompt collection and early destruction of this mater- 
ial because of the supposed danger of the disease being carried to the 
healthy parts of the tree. Through the courtesy of Prof. H. R. Fulton 
of the Pennsylvania Experiment Station, I am permitted to give here 
the results of his recent investigation along this line. While his work 
has been carried on in Pennsylvania, it is only reasonable to believe 
that, here again, the dry climate of Colorado would be even more severe 
upon the bacteria than the moist conditions which prevail in the Fast. 

“Twigs in which the blight bacillus seemed to be actively spread- 
ing were selected. These were cut in the ordinary way, and allowed to 
lie on the ground in thick clover and grass sod during the process 
of each test. The indication of viability of the organism in each in- 
stance was taken to be the inducement of characteristic blighting of 
succulent twig growth of apple, following its inoculation with bits of 
inner bark tissue from the tested twigs. These hits of bark were 
removed with sterilized instruments from three points in the region 
most recently invaded by the bacteria. They were introduced separately 
under the young bark of the rapidly growing twigs; and the incisions 
were covered with paraffin. Such a test was made first of all on the 
day the tested twigs were cut, in order to be sure of the viability of the 
organism at the outset. Subsequent tests to determine the time of its 
‘persistence were made in the same way after three days, five days, 
seven days, and in a few instances after a longer period.” 

“Out of a total of 35 twigs containing viable Bacillus amylovorus 
when cut, thirty-one twigs, or about 9-10 did not contain living bac- 
teria at the end of a week; and most of these became inactive in three 
to five days. The death of Bacillus amylovorus in the twigs was rather 
uniform in the different tests, and there was not apparent such differ- 
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ences in the persistence as might have been expected from the difference 
in rapidity.of drying of the twigs. There was indication of slightly 
longer persistence in the last two tests when lower temperature was a 
more conspicuous feature perhaps than increased moisture. ‘wigs that — 
had been blighted for a longer period did not show any difference in 
persistence from those of shorter period, the test in each instance be- 
ing made from portions of the bark recently invaded. 

Incidentally it was noted that the dried distal parts of blighted 
twigs did not, as a rule contain viable blight bacteria. The extent of 
the zone containing them was not determined, but it evidently varied, 
and included in general the discolored bark that was apparently moist. 
The characteristic dried exudation made up of blight bacteria, was 
tested in several instances, and the bacteria in this seemed regularly to 
remain alive longer than in adjacent dried bark; and their persistence 
after the twigs were cut was two to four days longer than of bacteria 
in recently invaded bark of the same twig. 

When one considers the comparatively rapid death of blight bac- 
teria in cut twigs left on the ground, which these tests indicate, and the 
unlikelihood of any ready transfer of infective material from such a 
situation to living parts of orchard trees, one is inclined to question 
the necessity for rigid destruction of cut off twigs. It may, however, be 
well to defer final judgment until the effect of leaving such material 
on the ground, has been observed in actual orchard practice.” 


CONCLUSIONS. 
1. In the arid Western climate, the prevalence of Hold-over Blight 
in the small limbs and twigs of the pear has been underestimated. 
2. Under Colorado conditions, at least 20 per cent. of hold-over 
cankers on the small limbs and twigs contain virulent blight organisms — 
at the time of blossoming. 
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THE FIXATION OF NITROGEN IN SOME COLORADO SOILS 


A Further Study 
By WM. P. HEADDEN 


INTRODUCTION. 


In Bulletin 155, of this station, I endeavored to demonstrate 
the occurrence of large quantities of nitrates in some of our Colo- 
rado soils by giving a number of analyses showing the presence 
of phenomenal quantities of these salts. So far as I have been 
able to learn it will undoubtedly be wise to lay emphasis upon this 
fact as its importance is fundamental; therefore, I shall give further 
examples of this occurrence though it seems that it ought to be a 
superfluous task. 

A second point which I endeavored to make perfectly plain 
was that I was writing not only of an extreme degree of concen- 
tration of nitrates in the soil but that this concentration pertained 
to large areas. ‘Though I endeavored to write very conservatively 
I mentioned areas of eight, ten and twelve acres, as having been 
rendered barren by the accumulation of this salt, nitre, which term 
was used to designate any nitrate, calcic, magnesic, sodic or potassic 
nitrate, the essential point being the presence of nitric acid. 

Again I endeavored to show that any transportation, leaching 
and subsequent concentration was inadequate to account for the 
occurrences of these salts, because they occur on high mesas where 
there is no wash or transportation from higher lands as well as in 
low lands. In writing of the presence of nitrates in the waters 
issuing from the shales, I recognized the fact that it might suggest 
these shales as the source of the nitrates and endeavored to show 
that such a conclusion would be unwarranted, for the shales in 
question contain only 0.03 percent of nitrates and the presence of 
this small amount was probably due to the water from the higher 
lying mesas where nitrates occur rather abundantly, which fact is 
stated in Bulletin 155, p. 42, as follows: ‘The mesas above these 
shales are cultivated and bad nitre spots occur on top of them, 
in one case 80 feet above the level at which the water was taken.’ 
Further, that nitre spots occur in different geological formations 
where these shales do not occur, in alluvial deposits and under our 
ordinary prairie conditions; in other words, the shales, considered 
as a source of nitre, would not be available for the explanation of 
the greater part of the occurrences and we are compelled, on account 
of their insufficiency, to seek for a more generally occurring source 
or a cause sufficient to account for all the occurrences, assuming 
that they have a common cause, which is reasonable, at least, until 

~ we are sure that they have different causes in different places. 
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The relation of seepage to these occurrences of nitre was also 
discussed and the statement was made that the nitre is associated 
with a rather uniform and abundant supply of moisture but that in 
really wet soils it does not appear; on the other hand, at least one 
instance of its occurrence in well drained land was specifically 
mentioned and described, as follows: “A small piece of land, a 
sandy loam, near and some 12 or 15 feet above the river has a 
dark brown color and has not been productive for several years. 
This land has received good cultivation, the application of much 
barnyard manure and excessive irrigation in the hope that the 
“black alkali” would be washed out.” In describing Orchard No. 
4, I stated that this land is quite high and slopes to the west and 
south. Again I mention its occurring on hillsides, which was 
done to convey to the mind of the reader that the locations in which 
we meet these occurrences are so varied that it would be doing 
violence to the facts to attribute it to seepage. I mentioned the 
muddy condition of the soil in three cases which I discussed and 
gave the height of the water table, if it could properly be called 
such, as five and one-half or six feet, a perfectly safe depth for all 
ordinary vegetation. ‘This question was investigated at various 
seasons of the year without results, materially contributing toward 
a solution of the problem. ‘The very first question suggesting 
itself in connection with the troubles described in Bulletin 155, and 
one which every intelligent ranchman investigates, is the question 
of water and if the solution of the difficulties were to be found 
in an excess of water in the soil the ranchmen themselves would 
long since have found it out, but even in cases in which I have 
thought it possible or even probable that the soil water might be 
too abundant, I have been informed by persons of very different 
character that the water plane varied from 12 to 16 or more feet 
throughout a whole section of country. ‘These people had dug 
cisterns and wells and made other excavations, and their informa- 
tion on this subject is fairly reliable. I am convinced that the 
muddy condition of the three soils described is rather a result of the 
presence of the nitre than a cause of the trouble. 

Bulletin 160 is more than a popular restatement of the facts 
of Bulletin 155, in that it gives our observations upon the orchards 
from September of 1909 till May of 1910, which gave us no reason 
for modifying any view expressed in Bulletin 155, except to intimate 
rather strongly, that the seriousness of the problem was even 
greater than had been suggested in Bulletin 155. 

In describing the condition of the land I again state more 
strongly than before: “This condition then is not restricted to 
low lands; is not dependent upon the variety of the soil unless it 
be within very wide limits, and is not due to bad drainage though 
it is often observed in low, moist places.” In order to convey a 
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definite measure of its effects it was stated: “I know of one 
orchard from which 110 trees have been removed this—the spring 
of 1910—another from which 200, and still another from which 
more than 200 trees have been removed or are dead.” 

I gave what appeared to me a justifying reason for considering 
orchard trees rather than some other crop. My reason was essen- 
tially this, that the effect, in the case of the apple tree in particular, 
is so wide-spread and disastrous that no one conversant with the 
facts can doubt the existence of a very serious evil, and inasmuch 
as our orchards both old and young received almost constant atten- 
tion and care, 1 wanted to appeal to both the knowledge and in- 
terests of the people, as I realized that I was setting forth rather 
startling facts, and if the people did not believe in the existence 
of the evil any explanation of the cause would be nothing more 
than an appeal to their imaginations. That I was justified in this 
course is fully shown by the doubts entertained by persons who 
are not ranchmen and orchardists but men of education, experience 
and mature judgment, some of whom when asked for an opinion 
have reserved their judgment on the ground that they had never 
seen such conditions as were described. 

It was not my intention in either of the bulletins previously 
issued on this subject to venture upon the question pertaining to the 
possible influence of the excessive formation of nitre in the soil upon 
any of the general crops but it seemed wise to make some tentative 
statements regarding this feature of the question and the beet crop 
was mentioned as one which had, possibly, already shown the effects 
of a continuous and, in the aggregate, excessive supply of this 
salt. Of course, such a bold suggestion would meet with doubt if 
not with less kindly treatment. I purposely held close to demon- 
strable facts, i. e., the presence of unprecedented quantities of 
nitrates, sometimes confined to small areas but often extending so 
as to involve eight, ten, twenty or even forty acres, or the death of 
many apple trees scattered over a large territory, all attacked and 
dying in a similar manner, or the increasing nonproductiveness of 
the land till total barrenness ensued. I suggested as a cause for the 
accumulation of these nitrates the action of certain groups of 
bacteria only after I had considered every other source which might 
prove sufficient to explain all of the facts. While the facts adduced 
as the basis of this claim may be open to some objections, I believe 
that we shall be able to show that it is a fact that the nitrates are 
formed in situ, but I shall leave the explanation of this fact and 
the questions, whence comes the energy; are the azotobacter species 
alone responsible for the fixation and nitrification or do other groups 
of bacteria play a more important part than the azotobacter in con- 
verting the nitrogen into nitric acid, for others to solve. 

The task which I set myself is to show that the nitrate is 
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formed in situ, but this is only a part of the purpose of the present 
bulletin. It is intended to extend the discussion of the occurrences 
of these nitre spots and to describe further the effects of this nitre 
on the soil and plants. In a subsequent bulletin I intend to take up, 
in some degree of fullness, its effect upon the growth and quality of 
the sugar beet, more especially upon its composition. 


Case No. 5—The orchards and localities described in Bul- 
letin 155 will not be treated of in this bulletin except as further 
observations made since Bulletin 155 was published may seem to 
justify, when they will be referred to by the number under which 
they were described in that bulletin. We will continue the numbers 
beginning with orchard or case No. 5. I visited this orchard, quite 
a large one, on the 12th of June, 1909. I did not obtain the age 
of the trees but they were probably not less than 15 years old. 
They had been sprayed heavily, especially in 1903, 1904 and 1905. 
There were a few trees in the orchard with corroded crowns, very 
probably due to arsenic, but arsenic had nothing to do with the 
trouble that we went to investigate. The condition of the orchard 
was, in the main, good; we, however, found twelve large trees in 
a group, with brown leaves and the trees appeared to be dead. The 
rest of the orchard was in good condition, the foliage was of full 
size and healthy in color. We learned from the owner that these 
trees had appeared perfectly healthy until within a fortnight or 
less. The orchard had not been irrigated as I inferred from the 
appearance of the surface of the ground in parts of the orchard, 
but this was due to the overflow of a waste ditch some weeks 
previous to this time. The soil about these trees was mealy on 
the surface and felt soft under the foot. We dug a hole near to 
one of these dead trees, five and a half feet deep. The soil was 
moist but there was no free water at this depth. I took a sample of 
soil from a place near to one of the very badly affected trees to a 
depth of one foot. The water-soluble in this sample amounted to 
0.57 percent. It was rich in nitric acid but owing to the small 
amount of residue at our disposal. no analysis of it was attempted. 

It was evident that these trees were not drowned by the rising 
of ground water nor killed by an excessive amount of ordinary 
alkali. I next visited this orchard on September 21, 1909. More 
trees were affected and there was no improvement in the condition 
of any trees previously observed. On November 3 I again 
visited it and dug a‘hole five and a half feet deep near a tree which 
was dying. The soil was wet but there was no free water, and 
this was at the season when the fall irrigation of adjoining lands 
was being applied. A sample of soil was taken from the surface 
of this ground to a depth of two inches. The surface was slightly _ 
incrusted and mealy underneath but there was no efflorescence. In 
places the surface appeared. wet, evidently due to the presence of 
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deliquescent salts. The sample of surface soil taken on this date 
contained 5.91 percent soluble in water. 


ANALYSIS* I 


Water-Soluble 
Laboratory 


No. 873 

Nov. 28, 1909 

Percent 

CELETC RS ALO meni atc coin emer eae NEA Schupers cae: sucks. dae Risdoodaadi « qdueiedig 20.360 
US OSIM UO gids, cio cache eP emia nane) tolewa,.«, acuTecdte'.e a loet Glatt. acl ew diene, a de 6.655 
MAE MORI MOUTON LG ss: s: ae ROM METER Ne elie, bev se aiseke, PS ace lend-ecneavelahco ars 0.459 
POURS SIOMGU LOE] Oh setae, 5st sop PRUMC Pes Sieis) ol Gus Gio avane rebmidia S's tevath waa 1.292 
SOMO TCH LOC ttes hiss: cia, clstale emer tMeWe 1c) oo jars, 01 cchaaricve. Oty above Bicle wield ear 45.229 
Oe TCL AIL OIE trees. c ct tone meR ME ERTS Taree Tsie c\leh ove bi aneg aera aleretals wane 25.843 
rama deen: OXI: veer eeee tees ahs ich atiev st ctav savant els cide week Trace 
BV Sas se BUTT Cyr ONL Oto teary a ae cg ee See Wp 0 Aa, oder rap eljalve) wselsebecye 0.032 
TNC TOMACIA lie aye t cit ar cgi SmEMOMO OM OTaNS ar 1G) A'S Jere Gia, bola Meio Ga ee ble be 0.130 
100.000 


This analysis shows the presence of five tons of nitrates, cal- 
culated as sodic nitrate in the top two inches of soil ora trifle over 
thirty tons calculated on an acre-foot. 


I again visited this orchard for the purpose of further investi- 
gating the question of the water table on December 3. It has 
been stated that on June 12 we dug a hole five and a half feet 
deep near a tree which had recently died. On this date, December 
3, we dug another hole at the same place six and a half feet deep. 
The ground was quite wet at this depth but there was no free 
water. It has already been stated that the soil is a sandy loam, and 
it was sandier at this depth. Another hole was dug seven and a 


*In this bulletin all of the analyses have been calculated to one 
hundred. This has been done because we believe that the reader will 
be able to compare the results more easily, as they are all reduced to a 
common basis, i, e., parts per hundred of the dry residue—also to save 
space. Many of the samples presented difficulties, mostly owing to the 
presence of very deliquescent and easily decomposed salts such as the 
chlorids and nitrates of calcium and magnesium—and in a few cases of 
large quantities of organic matter. 

The nitric acid determination in a few samples is undoubtedly too 
low because of the presence of magnesic nitrate and the continued dry- 
ing necessary to obtain a maniageable residue, Some of these samples 
intumesced badly and emitted an acid odor, during which some loss of 
nitric and hydrochloric acids probably took place. The nitric acid was 
determined in duplicate in every case as NO, and the NO absorbed by 
means of a recently boiled FeCl, solution. I believe that the results as 
presented in the analyses represent the composition of the water-soluble 
portion of the soils in a water-free condition with a very fair degree of 
accuracy. It is not, however, intended to assert that the nitric acid is all 
combined with one base, as appears in the greater number of the analyses, 
as for instance as sodic nitrate, This is simply a convenient manner of 
combining it and may in some cases be correct, but in many of these 
residues it is probably not correct. 

There is almost uniformly a trace of manganese in these aqueous 
extracts, but it has been disregarded for the most part as it seldom 
exceeds two or three hundredths of one percent. 
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half feet deep at the same place, where we dug to the depth of five | 
and a half feet on November 3. At this depth the ground was 
very wet, even muddy. We waited a short time to see whether 
any free water would flow in but it did not. On May 14, Ig10, 
I again visited this orchard. ‘The condition of the orchard was 
very bad, many trees had been removed and many more were 
dying. On June 11, 1910, almost exactly a year subsequent to 
the first observations made on these dying trees, I visited it again. 
The orchard was ruined; most of the trees were dead; and worse 
yet, the land, so far as we can now see, is as thoroughly ruined 
as the orchard. <A large portion of this orchard—six to eight 
acres—has been dug up. 

The orchard immediately south of this one is in a very bad 
condition; it is, for the most part, dead. No samples of either the 
soil or the ground water were taken at this place. The owner, a 
man of considerable education, is fully convinced that the trouble 
is not due to excessive water in the soil. 

The following samples of surface soil from Orchard No. 5 
will convey a better idea of the conditions existing in this soil than 
any words describing them. In No. 947-a the water-soluble equalled 
11.6; in No. 959, 3.4; in No. 995, 12.79, and in No. 1013, 7.20 
percent of the air-dried soil. 


ANALYSES iG ETD IV V 
Water-Soluble Water-Soluble Water-Soluble Water-Soluble 
Laboratory Laboratory Laboratory Laboratory 
No. 947a No. 159 No. 995 No. 1013 
May 14, 1910 June 11, 1910 Aug. 25, 1910 Sept. 18, 1910 
Percent Percent Percent Percent 
CWAICIC SUMTATO coe. sis, oy 18.437 20.437 8.219 9.123 
@alcicnehlorid: 292.7... 4... 14.778 — 17.005 20.415 
Magnesic sulfate ...... —_— 5.999 
Magnesic chlorid ...... 10.474 12.295 10.658 
Potassic ‘sulfate ....... ———— 1.447 
Potassie:chlorid ....... 2.273 - 1.434 1.575 
Sodice sulfates. 2.2... — 15.104 —_ - 
Sodie (ChlOviIdeiee es eres 13.726 35.416 8.747 27.708 
MOCIC DITTO mens ean ck ols 39.790 21.303 52.071 30.350 
Iron and Aluminic oxids. 0.132 0.149 0.090 0.051 
STLMCICHACTO tuck enc ie aos, 6 -c 0.210 0.235 0.139 Osi 
100.000 100.000 100.000 100.000 


The dates on which the various samples were taken, extending 
over two years and representing the months of May, June, August, 
September and November, show that the condition is a persistent 
one, and while it may vary from month to month there was a very 
dangerous quantity of nitrates in this soil throughout the whole 
period. 

In 1909 I produced decided injury to four-year-old trees by 
the addition of five pounds of nitre to the soil, within a radius of 
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about twenty inches around the trunk of the tree. No one has 
to my knowledge demonstrated how small an amount of nitrates 
may do injury to an apple tree if placed within reach of its feeding 
roots, especially at the period of its most rapid growth. My ex- 
periments were made to see whether this amount would produce 
any effect upon the trees and to observe how this effect expressed 
itself and not with the idea of determining the tolerance of the 
apple tree for this particular salt, sodic nitrate. 

The trees in this orchard, especially the first ones attacked, 
twelve or more in number, did not turn yellow, dwindle and grad- 
ually succumb, but, though they were in full leaf and appeared 
vigorous and healthy, the leaves suddenly turned brown and 
drooped and the trees died outright within ten days or a fortnight. 
As the trees in this orchard continued to die throughout the season 
of IQ10 it may serve a purpose to calculate the amount of nitrate 
available to an ordinary-sized tree, fifteen years of age. ‘The roots 
of such a tree will occupy an area represented by a circle forty feet 
in diameter, at least; this will give approximately 1,200 square feet 
of surface. All of the feeding roots in this orchard were tound 
to be within two feet of the surface. The sample of soil was 
taken to a depth of two inches or one-sixth of a foot and there 
would be two hundred cubic feet of such dirt to furnish nitrates to 
the tree. Assuming a cubic foot of this sandy soil to weigh ninety 
pounds, we have 18,000 pounds of nitre-rich soil, 11.6 percent of 
which is soluble in water, or 2,088 pounds, four-tenths of which 
(39.97 percent) or 835 pounds consists of sodic nitrate or its equiv- 
alent in other nitrates. 

In this calculation I have assumed that the soil below a depth 
of two inches furnished no nitrates—which is altogether contrary 
to the facts. It may, however, serve to convey a clear idea of the 
large amount of nitrates present within the feeding areas of these 
trees, 832 pounds in this case, ready to be moved downward and 
supplied to the feeding roots, all of which are within two feet of 
the surface, by a rain or irrigation or any other agent, possibly even 
by cultivation of the soil. This was in May when the trees were 
feeding actively. Our sample taken in August is still worse, 12.8 
percent soluble in water, placing 2,304 pounds of salts above the 
roots of the tree with 1,178 pounds of sodic nitrate or its equivalent. 
When we incorporated five pounds of sodic nitrate with the soil 
about a four-year-old tree and watered it, we injured some of the 
branches; when we incorporated twenty-five pounds and irrigated 
it we killed the tree in four days. It is not probable that every tree 
in this orchard had either 1,178 or even 832 pounds of sodic nitrate 
at its disposal but all of the trees in this area, some eight acres or 
more, died and were dug up between May 1909 and March rg1t. 
Another way to convey an idea of the large quantities of nitrates 


10 Tur CoLoraDo EXPERIMENT STATION. 


with which we are dealing is to express it in tons per acre-foot as 
was done in Bulletin 155 or in the surface two inches of soil. The 
figures obtained for the August sample gave us 22.1 tons in the 
top two inches of soil for each acre of land or practically 133 tons 
per acre-foot which corresponds to 6.66 percent of the weight of the 
air-dried soil. ‘These trees had lived and grown healthily, some 
of them I would say vigorously, for fourteen or fifteen years, till 
May, 1909, when twelve or more of them died within a fortnight 
without previously having shown any distress and within the next 
eighteen months eight acres or more of this orchard died. 

Case No. 6— My first observations on this orchard were made 
in 1908. Some trees scattered throughout the orchard had qlready 
died and been removed. While I was satisfied that arsenic had 
caused the death of some of them, it evidently had had nothing 
to do with the death of others. At first I had ‘considered seepage 
to be the possible cause of the trouble. The water plane, however, 
was stated to be from seven to ten feet below the surface. Subse- 
quent investigation indicated that this statement was correct, be- 
sides my knowledge of this section of the country would lead me 
to expect the water plane to be not less than six feet below the 
surface. I do not believe that the water plane rises and falls 
through any great distance, at least [ have found no indications 
of such a fact. The owner stated that the ground turned brown 
and then things died. The aspect of the land is to the south with 
a slight depression running northeast and southwest through the 
orchard. ‘There are some differences of level in different parts of 
the orchard. I have no notes in regard to the amount of these dif- 
ferences but they are not great, possibly a maximum of twelve feet. 
A cellar is located near the middle of the east side of the orchard 
and it is five feet deep with a hole dug about the middle of it. 


This hole had some water in it in the spring of 1909. More trees, 


eighteen of them, died during the latter part of the season of 1908 
and these were removed in the spring of 1909 after which the 
orchard was plowed and this portion of it sowed to wheat. The 
wheat was a total failure as almost none of it came up. The 
owner attributed this to his failure to irrigate the land. My 
opinion is that it was not his fault. By July 1, 1909, the orchard 
was very badly burned and by October a portion of it was dead 
and leafless. Photographs of this orchard were used as illustra- 
tions in Bulletin 155, Plates III and IV, page 26. As Plate IIL 
shows the healthy condition of that portion of the orchard which 
formed the background of Plate IV, which gives an excellent 
idea of how the orchard had suffered, they are reproduced in this 
connection as Plate I. ‘This represents the destruction wrought in 


a single season. ‘These trees, 110 of them, were removed in the — 
spring of 1910, and on July 14, the date of my next visit, the \ 
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affected area had been extended very noticeably and many more 


trees were dying. 


EE 


A set of soil samples was taken from this orchard May 14, 
1909, representing the surface soil, also the first, second and third 
foot. In taking these samples we dug a hole about four and one- 
half feet deep. No water was met with but we filled up the hole as 
soon as we had procured the samples and did not wait to see 


whether any water would run in or not. 


These samples were 


extracted with water and gave as follows, the surface soil 4.68, 
the first foot 1.86, and second foot 2.09 and the third foot 1.509 


percent soluble in water. 


ANALYSES vI Vil 
Water-Soluble Water-Soluble 
Laboratory Laboratory 
No. 784 No. 785 
Surface Soil First Foot 
May, 1909 of Soil 
‘ Percent Percent 
Calera rsullate i wc Wi ehen 29.607 69.830 
Caleic carbonate ...... 9.679 ——_—— 
Calcio ehilorid \5cr. fo. a5 6.686 — 
Magnesic sulfate ...... —__—_. 5.071 
Magnesic chlorid ...... 9.729 3.203 
SE OLaSSIC“CDIOTIC: sac sees 3.549 1.736 
Sodie chiorid: 2 3 4 cate dies 32.834 18.780 
POGIC NitTate, i wi, secre 7.239 0.709 
Iron and Aluminic oxid. 0.145 
Manganic oxid 2. ....6% 0.234 a 
SHICIC/ ACI oes. fee al 0.298 0.671 
100.000 100.000 
ANALYSES x 
Soil 
Laboratory 
No. 785 
First Foot 
Percent 
nmolibles so ..5. cases 64.820 
Silicic acid, soluble ........ 5.650 
SEDUTICL ACI)... sete ee ee 0.810 
(SUNG) JCP RR ear amare =P My A 0.890 
Phosphoric acid -s.. Voss. 0.180 
Carboniesacid —s\..scisviene sa as 7.040 
RIV etree ay sh +. « cae wink seetee 7.180 
NPAP IE Sais tr... «dc anepatee te 2.190 
DOCOMO ecihe sick ais. eehema ees eee 0.840 
Potassic OXids 5 )..6 si 6s ele ie 0.690 
GETIO POKIG cena) s.5- aoe aoebenm rey eie Bea Mo) 
PAITINMIIAIC) OX: Os .ac ss dere ee °2.250 
Manganic oxid (br) .2f.:... — 
MiOIstureray: 100° scenic ees « 1.470 
PERN PLOT artis siinte a sameness ake 2.970 
RYIEDMEN SON Ss ches ite MES ets og ees 100.090 
O equiv, to'chlorin......... 0.200 
ALM ts HDS 0 Aap ca re oe Pe 99.890 
US ee ae eS ag 0.248 
EEUIEY Sea Se aire ge, ahve te bel tea: sete ike 0.194 


VIII 


Water-Soluble 


IX 


Water-Soluble 


Laboratory Laboratory 
No. 736 No. 787 
Second Foot Third Foot 
May, 1909 May, 1909 
Pereent Percent 
57.250 387.344 
13.249 15.3142 
3.442 0.670 
1.265 1.229 
22.601 41.448 
1592 3.402 
LT utin tl 0.282 
0.602 0.314 
100.000 100.000 
XI XIl 
Soil Soil 
Laboratory Laboratory 
No. 786 No. 787 ~ 
Seeond Foot Third Foot 
Percent Percent 
66.674 68.027 
2.927 2.131 
1.282 0.503 
0.333 0.308 
0.242 0.267 
7.3870 6.636 
7.730 6.590 
2.967 2.961 
0.402 0.494 
0.595 0.661 
2.890 3.170 
1.354 2.030 
0.210 0.220 
1.260 1.498 
(3.838) (4.573) 
100.074 100.069 
0.074 0.069 
100.000 100.000 
0.056 0.055 
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There is nothing in the results obtained by the ordinary agri- 
cultural analyses of this soil to indicate anything unusual unless 
it be the small amount of total nitrogen present. ‘The method 
followed in these analyses was the conventional one, digestion with 
hydric chlorid sp. g. 1.115, etc., and the nitrogen determined by 
the Kjeldahl method modified for the determination of nitric acid. 
No. 785 is the first foot of soil from which the surface portion was _ 
scraped off in order to obtain the soil without incrustation of 
effloresced salts, and we have, as shown by the aqueous extract of 
this sample, a remarkably small amount of nitrates while the second 
‘and third foot show decidedly increased quantities. ‘The third foot 
contains only a little less than the top two inches but is relatively 
only one-sixth as rich. We have for the top two inches 2,257 
pounds, for the next foot 528 pounds, for the second foot 1,332 
pounds and for the third foot 2,053 pounds per acre. I do not be- 
lieve that the nitre in the third foot of soil participates largely in 
doing injury to the trees unless it be brought nearer to the surface, 
say within two feet of the surface, by capillarity or some other 
agent, so that we cannot take this third foot into our reckoning 
_ except as a possible source of nitrates. The top twenty-six inches 
of this soil, however, contained at the time the samples were 
taken, in May, a little better than two tons of sodic nitrate, a 
comparatively moderate quantity, provided that these salts were 
not concentrated within the feeding zone of the roots. But, even 
as the case stands, there is, assuming 80 trees to the acre, fifty 
pounds of sodic nitrate to the tree, taking the soil to the depth of 
twenty-six inches and supposing that the succeeding foot with 
twenty-five pounds more for each tree does not in any way enter 
into the problem. I do not know how the amount of nitrates 
varied during the ensuing season, but, if they increased in this 
soil as they were observed to do in some others, the aggregate 
amount present during the season must have been at least twice as 
great as that given but, be this as it may, IIo trees occupying a 
continuous area about the point where these samples were taken 
died within the next four months in the same manner as that in 
which the trees we poisoned with sodic nitrate and as thousands 
of others, in lands richer in nitrates, died. ‘The question of the 
amount of nitrates necessary to kill apple trees would be an in- 
teresting one to answer but it is not the object of this bulletin. 
There are also other questions involved, for instance, to determine 
the maximum quantity of nitrates available to trees in such lands 
at any one time, for, it is evident, that if a fatal quantity were 
available for only a few days, perhaps one day, it might suffice 
to kill them. We killed a tree in four days. Again it would be 
interesting to know whether a tree, say 15 years of age, would 
tolerate more saltpetre in September than in April, May or June, 
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owing to its different vegetative activity. But none of these ques- 
tions fall within the scope of this bulletin. 

Fortunately we can, in part, answer a question suggested above 
in regard to whether the nitrates have increased, as we have a 
sample of the surface soil taken very nearly from the same point at 
which the surface sample was taken May 9, 1909. ‘The second 
sample was taken May 3, IgII. 

This land is, at this writing, planted to winter wheat. The 
plants are largely confined to the bottoms of the creases or irri- 
gating furrows. ‘The crests of the creases or spaces between the 
furrows are mostly bare. The owner thinks that this may possibly 
be due to the lack of a sufficient amount of moisture to germinate 
the seed. I do not think that this was the case, as the irrigating 
furrows are rather close together and as he gave it a fair irrigation, 
it is not probable that there was so great a lack of moisture as 
to cause a general failure of germination between the furrows. I 
think it much more probable that the water flowing in the furrows 
removed the nitrates far enough from the seed to permit their 
germination and the establishment of the young plant. 

The condition of these plants at this time, May 3, I9II, was 
very interesting; the plants were large and vigorous, and had an 
intensely green color, but so many of them were burning that the 
tips, already browned back on the leaf for three or four, or even 
more inches, presented a marked contrast to the otherwise luxuriant 
looking wheat, and it is a question whether even these thoroughly 
well established plants will endure it to mature their grain. 


ANALYSIS XIII 
Water-Soluble 
Laboratory 
No. 1069 
May 8, 1911 
Percent 
NE DIONO MAREN TCL COE «:: «cu ea MMM Lesa golfer iet cates zischeak'ans ov anciis Phish aga wiecotieeCateiole 14.155 
ROemUCD CMEC LOT 0. 's spake Meme eee ae te) G16 er wliey Gov ai ah on de bhecahe ela ove ela aye 20.275 
Mitte Gm crnl ONC © Hy Memmi cscs gla5 be Gis sos, erase 7st 1s) ei edaeie e/ehate 12.885 
Onasstemekl Olid: ¢ Ar maemememcreersks ie tulies surobet cveis we Slis\'e te fey ubi g-earouesedeneeaus 1.360 
PM ONT Chin Siet sss) ot MRR SES: oiceeiee Sitnal e cceeal ailnn ove, av etiet wlla vale sstena tare 38.496 
PUG RINT UO raters) «in ooatemeeneMep aaa aie cifeiie tee, 0 4\'s-¥ aiaie ole. 6) sis) eevetale lsveracs 12.621 
ENOL REMAN ET INI: (Ate abepeerecsP as, wha ic a alae aleve Wale ais tials Sia alae sie Trace 
100.000 


Sample 784 was taken in May of 1909. Sample No. 1069 was 
taken in May, 1911. ‘The ground from which No. 1069 was 
gathered, in 1911, was occupied by healthy trees in 1908 and the © 
early part of 1909, but these trees died in 1909 and were removed 
in the spring of t910. Stated otherwise, this land prior to the 
summer of 1909 had never contained enough nitrates to injure 
the trees which had been growing in it for fifteen or more years, 
but the accumulation of the nitrates in 1909 passed the limits of 
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tolerance for the apple trees and they died. By May 3, 1911, this 
land, which showed no nitrate at this place in 1909, was brown 
and mealy and wheat was not able to grow healthily in it and on a 
great deal of the ground not at all. A surface sample, taken in 
May, 1909, from a part of this orchard where the trees had died, 
gave 4.08 percent soluble in water which contained nitric acid 
corresponding to 7.239 percent of sodic nitrate. A similar sample, 
taken in May, 1911, from ground which did not show this trouble 
in 1909, gave 6.80 percent soluble in water containing nitric acid 
equal to 12.621 percent.of sodic nitrate. As these samples repre- 
sent the surface portion, approximately to a depth of two inches, we 
will compare them; in 1909 the surface two inches of a portion of 
this land where the trees had died contained 2,258.8 pounds of 
sodic nitrate per acre, whereas a portion of the same land which 
did not contain enough nitrates in May, 1909 to kill the trees con- 
tained in May, 1911, 3,433 pounds, a gain of 1,174 pounds per acre 
in the surface two inches in two years on the supposition that this 
soil was really as rich in 1909 as the ground in which the trees 
had already died, which is not true, so the gain actually exceeds 
1,174 pounds of nitrate in two years. Evaporation of ground 
waters from the surface of this soil is wholly inadequate to account 
for such an accumulation as this. I will give figures and state- 
ments showing that it is very liberal to assume the presence of 
0.3 p. p. m. of nitric nitrogen in the ground water and I will sup- 
port this with further figures in subsequent paragraphs. But 0.3 
p. p. m. of nitric nitrogen is equivalent to 1.8 p. p. m. of sodic 
nitrate equal to 4.896 pounds per acre foot. On the assumption 
that this nitrate has been brought to this land .by the ground 
waters and deposited by its evaporation we would have to evaporate 
239.8 acre-feet in two years or 119.9 acre-feet per annum— 
whereas our actual evaporation from a free water surface is forty- 
one inches or it would take 70 years to effect the evaporation from 
a free water surface required by our supposition in two years from 
a soil surface. There is another feature of which we cannot lose 
sight; our ground waters are rich in other dissolved salts and these 
must be accounted for in some way. Our ground waters seldom 
carry less than 100 grains per imperial gallon or 1,429 p. p. m. or 
3,858 pounds per acre-foot of water according to which we would 
have to account for 925,920 pounds or 463 tons of alkalis on every 
acre of this ground which, assuming the alkalis to be as dense as 
the soil itself, would cover the soil one-quarter foot deep every two 
years which is evidently contrary to the facts. Our soils are rich — 
in soluble salts, that is salts soluble in water, but they are not 
covered nor even mixed with any such quantities as this supposition — 
shows must be present. ‘This particular soil is quite rich but we — 
found in the surface soil, two inches deep, in 1909, 4.68 percent and — 
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in the first foot 1.86, in the second 2.09 and in the third 1.509 
percent—which the analyses show to be very largely calcic sulfate. 

These statements, as well as the following considerations, apply 
to every individual case considered in this bulletin. The ground 
waters are wholly inadequate to transport the nitrate, for we have 
no 120 acre-feet of ground water per annum nor is there any 
land surface from which to obtain the nitrates. The whole of the 
irrigated lands in some sections are more or less affected and it is 
wholly gratuitous to even suggest our native prairies and mountain 
sides as a source of these nitrates. Our river waters, even those 
used for irrigation, contain very little nitric nitrogen from 0.00 to 
0.4 p. p.m. Our virgin soils show only 8.000 p. p. m. of nitric 
nitrogen as a maximum—and even this is subject to appropriation 
by plants and reduction in the soil, so that even though very large 
areas were to be leached out or washed off this source could scarcely 
be soberly appealed to as the source of these nitrates. 


Case No. 7—'This orchard showed the first bad burning about 
the middle of May, 1909, shortly after the orchard had been heated 
to protect the crop against frost, about April 27. The trees had 
continued to grow steadily worse and the owner at first feared 
that the injury was due either wholly or in part to the gases given 
off during the combustion of the coal used in heating the orchard. 
To this question there was a very direct answer, i. e., the water 
sprouts which had grown since the heating were burning badly. 


This orchard presents, in regard to soil conditions, a strong 
contrast to the last one mentioned, and to all others heretofore 
mentioned, except Orchard No. 5. ‘The soil is sandy, inclining 
in some parts of the orchard to a clayey loam. ‘The attack began 
a little to the east of the center of the orchard. This part of the 
orchard is not lower than the rest of it. ‘The owner has sprayed 
very heavily some seasons and is still a heavy sprayer. ‘There 
were some girdled trees in the orchard but the arsenic had nothing 
to do with the burning. This burning is quite distinct from a 
-spray burn. We dug a hole near to one of the burned trees five 
and one-half feet deep. ‘The orchard had been recently irrigated 
‘but we found no more than a desirable degree of moisture at this 
depth. A sample of soil was taken at this time. The depth to 
which it was taken is not stated in my notes. ‘The water-soluble 
equaled 0.187 percent. No analysis was made of this material 
beyond a nitric acid determination which showed an amount corre- 
sponding to 5.412 percent of sodic nitrate or 0.01 percent of the 
air-dried soil, a small amount, still it equals about 22 pounds to a 
tree taking the soil to a depth of two feet. The family is supplied — 
-with water stored in a cistern which is 10 feet deep. I was in- 
‘formed that they did not strike water in digging it. The age of 
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this orchard was 18 years. The owner stated that he had observed 
a Lawver tree about three years previous to this time which turned 
brown on one side but recovered so that it grew healthily the 
following year. Some of these burned trees put forth a few new 
leaves which had a whitish yellow color and soon died. We 
visited this orchard again on November 3, when we found a number 
of the trees evidently dead, and again on December 3, 1909, when 
with the help of the owner we dug out a number of the roots and 
again sought to ascertain the depth of the water table. We fol- 
lowed the roots from the trunk of the tree as far as possible. In 
one case this proved to be 21 feet at which point we lost it because 
it had turned abruptly toward the surface and had been cut off by 
the plow. The root had become so small at this point and other 
roots were so numerous that we could not identify it with certainty. 
We attempted to follow other roots but we found it very difficult 
to do, owing to the presence of such a number of other roots and 
the smallness of the extreme ends. The greatest depth attained 
by those that we followed was two feet below the surface. All of 
the little roots that we encountered in this attempt seemed to be 
perfectly healthy even to the minute fibrous roots. Th greatest 
distance that we followed any root was 23 feet. There were only 
a very few fibrous roots as deep as 30 inches, almost all of them 
being within 24 inches of the surface. These roots which we dug 
out belonged to the trees which had been badly burned. Not only 
were the roots of the trees apparently healthy but the crowns and 
larger roots near the trunk were also apparently perfect. The 
owner suggested that we dig up one of these trees but as the root 
system seemed to be in such good condition I suggested that it 
would be better to let it and the rest of them stand till the next 
spring, 1910, and see whether they would recover or not. ‘The 
trees were left standing, but they did not recover—they had already 
been killed. 

Wishing to dispel, if possible, all doubts in regard to the 
part played by the ground water in the death of these trees, we 
dug another hole near one of the trees just described. The or- 
chard had received a heavy irrigation on September 25, and the 
next few days following. The ditch, 120 feet east of where we 
dug this second hole, had stood full of water for three or more 
weeks in September. It had overflowed and formed a small pond 
at the edge of the orchard. The soil at the place where we dug 
this hole was sandy and we encountered the water plane at five and 
one-half feet, or two and three-quarters feet below the deepest roots 
that we observed. On May 14, 1910, four days after the orchard 
had been irrigated, I found the leaves on some trees burning. There 
seemed to be so good as no recovery from the injury of 1909. On 
June 11 the condition of this orchard was very bad indeed, and 
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evidently growing worse. It was evident that a considerable 
number of trees would succumb, indeed some were already dead 
and conditions were not improving in the least. ‘The water table 
was not within five feet of the surface in an adjoining orchard 
though recently irrigated. The affected area had extended so as to 
embrace nearly the whole of this old orchard. There is a young 
orchard on still higher land which is not yet affected. By Sep- 
tember 13, 1910, the old part of the orchard was practically ruined. 
The water table at ‘that time was not within five and a half feet 
of the surface. In this orchard we have a decidedly sandy soil, 
inclining to a clayey loam in places, and not an adobe soil which 
often becomes muddy at comparatively shallow depths as described 
in Bulletin 155. At no time have we found the water table less 
than five and a quarter feet below the surface and practically no 
roots at a greater depth than two and a half feet, and but few 
below two feet. The surface of this soil is brown and mealy, and 
is rich in nitrates and the orchard is in very bad condition. 

The orchard immediately east of this presents the same con- 
ditions of soil with the water plane deeper than five and a half feet 
below the surface. The top soil is brown and mealy and many 
of the trees are dead, some having died in 1909 and others in 1910. 

The orchard immediately to the south is worse than either of 
these as the trees are practically all gone. 

This orchard, No. 7, has been given in such detail because . 
it is the first old orchard planted on this type of soil with the 
water table well below the surface, to which we have made so 
many visits, and in which we have been able to watch the progress 
of the trouble. Orchard No. 5 went rather more rapidly, as did 
also No. 6. The soil of Orchard No. 5 is likewise a sandy loam 
and the water table is likewise low, but the land itself is possibly 
a little less favorably located than that of Orchard No. 7. 

I will give but two analyses of soil from Orchard No. 7, or 
rather I will give analyses of the water-soluble portions of surface 
samples, one taken from near a young tree, seven or eight years 
old, which was burned but slightly at the close of the season, 
September 13, 1910, No. 1014; the other No. 1071, taken in 
May, 1911. The water-soluble of No. 1014 equalled 2.974, and 
of No. 1071 equalled 6.276 percent. 
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ANALYSES XIV XV 
Water-Soluble Water-Soluble 

Laboratory Laboratory 

No. 1014 No. 1071 
Percent Percent 
CaICIeUSULIANG ey urrde et draw, Sisco. s)i-alie © whe Suara 23.270 25.022 
CalcicieHlOvid scala ele sais s hletae sae ee 17.550 24.160 
MASMESTGHEMTOTIG tense wctaee cr cca eee ki, eo 15.930 17.420 
POtASSICHCBIOLIOS sires Secs Fats 0% Te is coaaeheenes 4.044 4.023 
POUMICMEO ORIG Sealed. ocsee ovate: <2 a calalas reesei 35.432 24.268 
SS OYE BUCA TUT A ce) FERN eg er Ye or gee ee Br DEA 1.420 4.686 
EVOM ANG ATI MINIC OXI). ee eivch or aliche eee 2.069 0.162 
PS ALCHORACI e Pte cee Pie Aeeoe 3 ou 3 ye sje Bieta aoee 0.285 0.258 
100.000 100.000 


This orchard was beginning to burn in the early part of 
June, 1911, earlier than in preceding years. 


Case No. 8— This is a young orchard set in 1908. The 
history of the ground as given to me is as follows: Prior to 1904 
the whole piece of land was productive; in this year a brown patch 
appeared and the land became unproductive. It was covered 
thickly with manure in 1904 and again in 1906. ‘The conditions 
were not improved. In 1908 it was set to orchard and planted to 
beets. ‘The trees did not do at all well in this area and some of 
them died. The beets came up very poorly; they were replanted 
twice and the stand was still very poor, the beets produced being 
over-grown and having large tops. My information is that the 
quality was poor. In my field notes mention is made of the fact 
that the land outside of this area appears as heavily charged with 
alkali as the area itself, but the owner asserted that this land was 
very productive and subsequent observations lead me to believe that 
the statement is correct. ‘This land was irrigated ten or twelve 
times during the season, each time excessively in the hope that the 
“black alkali’ might thereby be removed—to use the owner’s 
language: “I washed it till the soil was white.’ I took a set of: 
samples from this land in April, 1909. ‘The soil is sandy loam 
with a more sandy subsoil. I dug to a depth of five feet, without 
further change in the soil and without striking the water table. 
This place is practically on the river bank where the soil section 
is sand lying on top of coarse gravel. The river bed is now from 
twelve to fifteen feet below the level of this land and the brown 
mealy soil occurs within fifty feet of the edge of the bank. It is 
scarcely possible to obtain better drainage conditions than these. 
This is, in fact, the reason for my making particular mention of 
this place. At first I thought that this condition was in general 
largely due to an excess of moisture, such an excess as to be of 
itself injurious to vegetation, but I do not find such to be the case. 
Orchards No. 5 and No. 7 are also on sandy loam soils and not 
adobe soils which retain water persistently. They are, however, 
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not drained so well as this land, lying as it does on the river bank, 
the most remote part of it being scarcely more than three hundred 
feet from the river, and twelve or fifteen feet above its bed. ‘The 
trees that had died in 1908 were replaced in the spring of 1909. 
On May 6, I have noted that the brown area appears in good con- 
dition but that the trees are not doing well. November 2, same 
year, I visited this place again and noted that the apple trees in this 
bad spot had died. ‘The ground had been recently disced and 
seemed in good condition, but those spots which had escaped being 
stirred were brown and mealy. Some one attempted to conduct a 
truck garden immediately north of and contiguous to this ground, 
beginning in 1907. At this time, November, 1909, it was almost 
black in color, encrusted a little and mealy underneath. 

In July, 1910, the condition of the land was worse than I had 
ever seen it, not only the trees but also corn and peas showing the 
effects of the nitre. 

One sample of soil was sent to me in February, 1908, pre- 
sumably taken to a depth of from eight to twelve inches according 
to directions. This sample yielded 1.262 percent of salts soluble in 
water, containing nitric acid equivalent to 11.230 percent of the 
soluble salts or 0.142 percent of the air-dried soil, or 5,680 pounds, 
nearly three tons per acre-foot. Other samples of soil were col- 
lected at this place at subsequent times, April 21, 1908, April 6, 
1909 and November 2, 1909. 

Further back from the river we have seepage beyond a ques- 
tion. We found the water table at from two to eleven feet, but the 
water at the latter depth was under considerable hydrostatic pres- 
sure and rose in the holes dug to within two and a half feet of the 
surface. ‘The party who procured some of the water samples for 
me described this fact as follows: “It kept getting wetter until | 
struck gravel, at four feet, when the water rushed in and bubbled 
up as if under pressure. The water rose sixteen inches in thirty 
minutes, and finally stood at two and one half feet below the 
surface.” ‘The gravel here referred to is very probably the natural 
drainage into the river and this water passes beneath the land which 
we have just described. 

These general conditions are given only because they con- 
tribute to a better understanding of the question. I have been 
repeatedly asked whether the seepage water does not bring these 
nitrates into these localities. ‘This question has been raised “by the 
character of the samples of drain and ground waters whose analyses 
are given in Bulletin 155, p. 27 ef seq. I stated in connection with 
them that the presence of nitrates in the seepage water issuing 
from the shales, for instance, was easily accounted for by the cultiva- 
_tion of the higher lying mesas, on which these nitre spots occur and 
in some cases are even prevalent. If the seepage water from any 
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section were wholly derived from such a source there would be 
nitre introduced into the seeped lands with the water unless the 
nitrates were reduced or otherwise removed. ‘This, however, is not 
the case. The seepage in almost every case is made up of the leak- 
age from irrigating canals and ditches or from excessive irrigation. 
‘The lands before being brought under irrigation do not contain 
nitrates or even nitrogen in quantities worthy of note, in fact the 
supply of this element is quite limited. ‘The waters used for irriga- 
tion are taken from our rivers and lesser streams which are supplied 
by the snows which fall in our mountain sections. While there 
may be a few exceptions to this statement, it is in the main cor- 
rect, and no exception of any weight, so far as I can recall, applies 
in any measure to any of the lands treated of in Bulletin 155 or 
which will be considered in this. 


I know of no lands anywhere which would be more likely to 
be affected in such a manner than land immediately north and a 
little east of this particular tract, and concerning the seeped or 
water-logged condition of which no question can fairly be enter- 
tained. As already stated we encountered water as close as two 
and a half feet of the surface, which fact alone does not prove that 
the ground is necessarily unproductive; but this ground was nearly 
barren. It had been in alfalfa, a little of which was still living at 
the time of which I am writing. The soil was wet and heavily 
charged with the ordinary alkali of the section. ‘Three samples 
of this ground water were taken in November and December of 
1907. The alkali in this immediate section is higher in chlorin 
than is usual. This is one of the places referred to in Bulletin 155 
as especially rich, so rich in chlorin that the salt, sodic chlorid, 
present may possibly be injurious to vegetation. Inasmuch as this 
question has been suggested and as I know of no place more 
unfavorable to my views regarding the subject, I will give analyses 
of soils, of samples of alkali and of the three samples of ground 
waters from this section. ‘They are not from the same spot but 
were taken from places near one another, within one quarter of a 
mile and not more than one half mile from Orchard No. 8. The 
alkali and the soil were taken from land that had at one time been 


cultivated. ‘The rows were still visible and the manure in the rows. — 


had not yet rotted. ‘The ground was at this time bare but not 
brown and greasy in appearance. I do not know whether any 
thing could have been made to grow on it or not. No attempt to 
do so has been made at any time during the past three years. The — 
surface portion of this soil was extremely rich in alkali. I ob- — 
served, at the time these samples were taken, in some depressions. — 
in this field, crystals of sodic sulfate from one and a half to two 
and a half inches long. The soil sample, taken to a depth of one — 
foot, yielded 2.45 percent soluble in water. The second and third 
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foot were taken as one sample and gave 4.27 percent soluble in 


water. 
ANALYSES XVI XVII 
Water-Soluble Water-Soluble 
Labratory Labratory 
No. 632 No. 633 
First Foot Second and 
Third Foot 
Percent Percent 
Calcio SUITAtOm qionicsik cation fens Rats 41.882 42.122 
Maenesic Suliate (43. x6... .c-< sie eoscn, areer ane ans 8.747 18.397 
LCs S Ui ELt Cuahrte triers er alle sa aria cave eee oho ahslc tes © 10.847 5.747 
OEIC CHIOLIGM ON, cis sik’ sai, 'o Aapshabee tenes atone: 34.014 28.019 
Oe ROU CALOL chs o,,s iiscc ao a eae eee cic 1.276 1.479 
Ware eee ORI. ic. ec-.. 5. 8 «es aeeeeen anes Bera ee ae, 0.070 
DSI ELO TE eee as iwive''e seco cent Repo sen Giat terns 3.234 4.184 
100.000 100.000 


These water-soluble portions were tested for nitric acid and 
there was not enough present to give a reaction with ferrous sul- 
fate and sulfuric acid. ‘That the water-soluble should be made up 
so largely of calcic sulfate is what one would expect, because this 
salt, as the mineral gypsum, can be seen forming veinlets and 
small aggregations throughout the mass of the soil. ‘This is the 
case to a greater extent in the second and third than in the first 
foot. The quantity of sodic chlorid is larger than usual but is still 
within the limits of tolerance for almost all plants. 


ANALYSES XVIII XIX 
Soil Soil 

Laboratory Laboratory 
No. 632 No. 633 

First Foot Second and 

Third Foot 

Percent Percent 
(SiH IG (lies bane eee Ree er oe eee 48.951 47.747 
iicloracia, (SO. )": a clotece aaa eee ere 22.377 17.945 
PSUR INTEAC pA CTE 5. tis,<a ote acces aoe aliee ean meicen 0.708 3.194 
ROM eNI mere, fy x, Soe, aii acsd-wi ye us nah eremeteweta ys oF ee Osere.t 0.599 
EO SOITORIC, BCI c's ule cour ase cote eebiemare tee 0.156 0.217 
Ca POMUCMACIO: hic 5. ssc) sce level teeifeleetnnemerunatees 3.968 3.709 
NUTT O MemeMnre Saas, co 0, Sis acatousyiah Dia Geer ette awe 4.624 5.877 
ASE TS LAME Bay coisas ‘sice! duo) SRO 2.650 2.864 
RMD OE CR TO SL OLE ais) cvs sb igcanpereis da houeeseaem a yes he 0.740 1.033 
OPASSUC ORIG © seus cs eid hd Ghat aha Gee eden Oe eae 1.082 1.356 
PENS AeTs] GC MONRE Le Sails ys. i: is ye. -'a.cas ee Nokes Seen ote 4.344 3.374 
PAVIA UTIOROKION anes rls. sie lo «ovis alive evant 5.286 7.405 
RAAT SAT C MORIN arcs sce ok shee “ms al woe sene nets ce 0.168 0.675 
water .expelled) at W00% sissies. OMY 2.933 
ENE TG OV ORR, an eC pe ea RRL SETONCE RT CHCES 2.986 (1.207) 
SSL a ae RR WAY nc 5 ad wera Bin, 100.134 100.135 
Oxygen equiv. to chlorin............. 0.087 0.135 
PI Ga tN cater) owls wie, isle ats ah al"auie'e 100.047 100.000 


Another soil in which the conditions were worse even than 
in the preceding is represented by the next sample. This ground 
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had been an alfalfa field and a few of the plants were not yet en- 
tirely dead. ‘The crowns and roots showed that it had recently 


been a good stand and that the plants had been large. The water | 


table was in this case within two and a half feet of the surface. 


ANALYSIS XX 
Soil 

Laboratory 

No. 625 
Percent 
PIA CTME Be A spicy’ alts tan ale epee eiete ie etka rditomerstiek omar ames seule te le et etcli aon een Itt 66.822 
Sulsete; decid \CSO1.)) 35's seuss gerd bie east howe ok deNalaa eettn. che teks. le ee eae 11.303 
SUTIETAC SACLE S S305 sas Shae crauareteueta eee tetwirend ateuate eke Gara) are Oe wie 0.042 
MOTT oo ay wire or el cuban oe Re cree SOM pla ah tapciaat oe slvae Sucks eee ia le Ramone nares 0.703 
PET OS DULG EIG : GT CD: dip: so earalicise ce al ira eeiane Val tPA tase atcha dak ee ope tial 4 RS 0.042 
CaP HOMIC VAC vv. Gow ac 2 vests se so ssetontta te enue er kaees Ge, cheese renee ween caeneats 4.458 
ALVIN) eeeee Wor a raasyi ss tha SRA MER aera a! ava. te Sed eT Eta iar CURE SEEN GEER ENT Let otES 4.294 
NEAR IMCS TAN Fis o acces ets, wsue eens ws (Sa) Ae hellorene ee oars oma era Ne eck od 2.339 
EDLC ORCL Sr) 528 rete, ech aaleces S e. ce, ite Mea amar afer cnn s Saha oof erlerercey siiaeaiy ic telemom aS 0.653 
EL OLABS TCO RIE OSes Ie ce orks sane. Teh eee IRE Stee tal oer Gite ayaa crac ha nenaterenees 0.660 
OTTICHOXKIG(. Jc7 ha choncueser me. 3. atordnenseoMere late Me teaseaabane teieitace eter suenateeatents 3.089 
PATUININIC ORIG essa. Setedess. as tacavere er ehal anes ahe Biela iin Soa Sotelo nes otal eee eae 2.005 
MAM SANIC VOI is Syasaetavehe mers is to, 0 | Wehiae moyenne anata Mee aa tepate rete apayeuadete Rae 0.051 
TVA OT AG gL: OO atari colic Pdea! Ulerco Slay tM lycten s Sevens Paes SR ec e eet e ROME ORS en ene 1.250 
IWENCHUBISY esearch ee ere ROR nea ty tee mee MANION Fd ee eee RoR CAS SS isis. 2.192 
SUT cee arse paesayg See Ue stieite sarcalvd lattehvouste bea aia Da anetersa eae mith ey sae el on gee 100.663 
Oxy ron -cqulv. Chorin: -. no wtaiw cio wel mmo Bebe e eee e cease 0.159 
ATES Lae oh eee: niko tepte, Sie ae naa Ke ee vemane: acecaabe haben tten sce Seen eee 100.504 

ANALYSIS XXI 

i Alkali 
Laboratory 

No. 622 
Percent 

GalClEESULLAUG precdeselenore eerste. Oe sls nema enone ane cree ene en eee ae 6.893 

WASTICSIC SILIEATO ooo cans ia care os 8s awe odalerlg) ike le Reba eae ee tees SI ae ee fete 

SOdiCs SUILAEC eae iety, sich ste cu ec ona Beans. t plas mre eee Nec aolte rs ecu ae 27.868 

Sadie eb TOr days aes oi assis cee es at spe cs ote Ue eco ee ance ru gy ects fecbilclle op ee yee 43.466 

SOGUG, SICATS 7 a ircts tactite, tected ethos sono tesaas a lastemvne en Rive ceieche rams eta & aime pee 0.316 
TM AUPLOT: SEA ah dese apts Reece Rea tara ous eae ca ante orraatee ce eee eae eae (4.384) 

100.000 


The following three samples are ground waters taken within — 
the area under consideration, all of them taken in November and — 


December of 1907. 
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ANALYSES XXII XXITIT XXIV 
Ground Water Ground Water Ground Water 
Laboratory Laboratory Laboratory 
LET oB: , No. 647 No. 668 No, 669 
Total solids in grains per 
J Dpgete WEE 51 Catal hh x ae Se 883.54 1052.29 1076.81 
Percent Percent Percent 
Caleres suliatenw a G..% 2 ss tee 19.726 14.318 10.976 
Magniesic sulfates... 260!) 065s 22.618 24.687 30.105 
Magnesic carbonate ........ — ——— 1.827 
Potassic sulfates... o. ca. 6% 0.700 0.967 
Potassic carbonate ......... —_—_. on 0.715 
MOLASSIC; CHIONIG §.2. <6 esi rae 2 ——— 0.308 
DOGICCA ITM ATO Soares ia ca.'= scopayomace 5.744 11.060 ——_ 
BOGIC CATDOMAtE A046 6s oes 2.431 8.872 — 
modser Chilorid © oui 5 sa sts mete 44.670 40.405 49.732 
DOGICHSINICAtG 9. U5. J dveyakvas 0.869 0.841 0.149 
Manganic oxid (br) ........ 0.097 —-- 0.059 
MAILTO ie os tard <a airs hoes AE oS (3.143) (3.850) (6.129) 
100.000 100.000 100.000 


There is not enough nitric acid in this alkali or in any of these 
soil extracts or water residues to give, when as much as one-half 
to one gram of the dry residue is taken, a satisfactory test with 
ferrous sulfate and sulfuric acid, and some of them give no reaction 
with diphenylamine and sulfuric acid. 

There is not another instance of the occurrence of nitre within 
this state which is so favorably located for justifying the theory 
of concentration from adjoining lands as this one and it is for this 
reason that I have set forth these facts pertaining to the composition 
of the alkali, the soils to a depth of three feet, the aqueous extracts 
made from these soils, and the solids held in solution by the ground 
waters. ‘The results of the analyses show that even if the soil of 
Orchard No. 8 had been saturated with the ground waters which 
had drained through this area it would not, at this time, have 
become impregnated with nitrates but with sulfates and chlorids. 
These ground waters, however, do not saturate the nitre soil and 
it is a question whether they ever rise or in any other manner 
find their way into it and consequently cannot possibly account for 
the nitrates for two reasons; first, there was so good as no nitrates 
in either the soil lying to the north of this orchard or in the alkalt 
which, in places, was abundant on its surface, or in the ground 
waters, which came near to the surface in parts of the area; second, 
because these ground waters do no find their way into this orchard 
soil which is underlaid by gravel and is well drained. 

A great deal has been said and somewhat written about alkali 
and seepage. I will remark in passing that while seepage and 
alkali usually accompany one another they constitute two distinct 
subjects. We have many examples of lands rich in alkali which 
are not now wet enough to be objectionable, and I shall in a sub- 
sequent bulletin give specific data which are the basis for the 
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statement that both water and alkali may be quite abundant and 
the land still be productive. These are very undesirable conditions 
but they alone are not so fatal as some people would have us 
think. In all events they constitute problems distinctly different 
from the nitre problem, and are not so closely related to it as even 
I at first thought. My original description of these occurrences 
of nitre showed that I considered it as dependent upon a constant, 
optimum supply of moisture. This condition is met with near the 
outer edges of wet places. ‘The nitrates do not appear where there 
is a great excess of water. On the other hand they are not confined 
to places which are seeped, of which fact the orchard in question, 
No. 8, is a good example, as is also Orchard No. 7. In fact, 
Orchards 1 and 2, Bulletin 155, are the only cases given in which 
an excessively wet condition of the soil was observed but no proper 
water table was found in these at a depth of six to six and a half 
feet. Such, then, are the conditions surrounding this orchard No. 
8, and the little garden tract immediately north of it. I have 
already stated that the soil is sandy and the section at the river 
bank, which practically forms the southern boundary of the field, 
shows a section of twelve to fifteen feet, the upper six or seven feet 
of which is sand while the lower portion is a coarse river gravel. 
A sample of surface soil, taken two inches deep in April, 1909, gave 
4.42 percent of the air-dried soil as soluble in water. Sample No. 
875 contained 10.86 percent of salts soluble in water. 


ANALYSES XXV XXVI 


Water-Soluble Water Soluble 
Laboratory Laboratory 
No, 772 No. 875 
April, 1909 Nov, 1909 
Percent Percent 
Calle Stave ae eca ei sPes hrs oes ea eee ee 35.266 24.810 
Maeniesie (sulfate 35, cacti nose ee es Bil art 3.238 
MIS MieSiG “CHILO G atin Sue cd ss Ayest is adore eu ccas 14.673 15.235 
IP OLASSICGs-CMIOLI Mires ices che aes Gennes 2.109 seal 
SOdie <ChloOrid > pease ec onroditasas wecte oka as 33.841 50.704 
OGMC UTM TEL AE Cie irs ees heap Mie mee teed ee haserceae 10.508 3.944 
fron cand cAlaMmMimiesOXid ey, Giese wae tye alae : 0.158 
MS OMI CE SIITCAUS Ie theo oie rnc taniin venins Se-o nee 0.406 
100.000 100.000 


We have in No. 772 the nitrates equivalent to 0.464 percent — 
of the top two inches of the soil, equal to 3,096 pounds or one and ~ 
one-half tons of nitrates per acre taken to a depth of two inches or © 
at the rate of nine tons per acre-foot. In No. 875 we find the ~ 
sodic nitrate equal to 0.424 percent of the surface soil, giving us — 
practically the same amount of nitrates per acre as No. 772. 
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ANALYSES XXVII : XXVIII 
Water-Soluble Water-Soluble 
Laboratory Laboratory 
No. 877 No. 778 
Surface Soil Sample taken 


8 inches deep 
top 2 inches, 
remove 


April, 1909 
Percent Percent 
WRCler SUI Ate qeath wei 6 cutyatnste Bikbh cle eee 15.345 38.643 
Pe ICIOMGHIOLIG yas conic Gare ees 38.521 
Magnesie -chloridy 0.0.3.5 4.00 ae Soe peace dd 
ESS ROCRIO KSAMEA TON otic. ay aio kaa aoe aeerai ett eis 11.082 
OLAS CHEMIOTIGs ©... fsueseeeee eects Les 2.215 
HOUASSIG BULEATO) 26). <c) 5 ocd Liens A es 9.500 
IOMUPC SISAL Oi She ai ass eek ea a 2.473 
PV OCULC COLO TEE ius yas ke olan ce Ee tech 51.474 33.854 
SOMIC eM ETALO® 1: vaiciy mart ee eerie ene 12.596 3.784 
tronvand: Abumini¢ Oxid). ii, .i. ct ees ste Trace 0.100 
TYE Neen SHORT 0. G10 Meee eee anes (Oe ait 2 aE Same nee 0.094 0.042 
ROLLICIC HA OIQe a os sory bese ceri es de met seatoeret sas 0.144 0.522 
100.000 100.000 


In this case we find in April, 1909, that the top two inches 
of this soil showed the presence of one and a half tons of sodic 
nitrate. Another sample taken in November of the same year, 
and perhaps one hundred and fifty feet north of where the sample 
was taken in April, gives us essentially the same amount, one and 
a half tons in the top two inches. But the same depth of soil taken 
November 2, the same year and very nearly at the same point 
where the April sample had been taken, showed the presence of 
almost four tons, 3.978 tons, of nitrate in the top two inches per 
acre. A sample of this soil taken from the third to the tenth inch 
inclusive in April, 1909, or eight inches of the soil, after the top 
two inches had been removed, showed the presence of 2,306 pounds, 
a little over one ton to the acre taken to this depth, eight inches. 
This land had been excessively irrigated ten or twelve times during 
the season of 1908 with the idea of washing out the alkali. There 
were no signs of trouble in this land prior to 1904 according to 
the statement of its former owner. 

Sample No. 875 was taken from ground which had been used 
as a truck garden in 1908. I scarcely need to state that the truck 
garden was a failure. This young orchard, Case No. 8, is used for 
the same purpose, i. e., gardening, and with excellent results except 
in this brown area. Analyses XV to XXVII inclusive are analyses 
of the alkali, the soil, and the ground waters which lie to the north 
and east of this land, not quite surrounding it but including the 
land through which the ground waters would have to move in 
order to reach this orchard. ‘These samples were taken in 1907 
and contained no nitrates—or only such traces as may be found 
by extracting any soil. I may state, though it is very evident, 
that neither Bulletin 155 nor this one deals at all with such quan- 
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tities of nitric acid or nitrates as are usually understood when 
nitrates in the soil are spoken of, but of the occurrence of such 
unusual quantities as to be fatal or injurious to vegetation. I 
shall endeavor to deal with the general condition, of which only 
extreme cases are presented in this bulletin, in a subsequent one. 

The analyses of the adjacent, almost circumjacent soils, the 
alkalis and the ground waters have been given to show that they 
have nothing to do with the conditions in this orchard soil, and 
especially nothing to do with the nitrates. Apropos to the influence 
of the drainage and the character of the soil upon this question, 
we have chosen one sample of dark brown surface soil from this 
orchard collected within fifty feet of the edge of the river bank, 
and a second one, also a dark brown surface soil from another 
piece of land of which no other mention is made. Both of these 
pieces of land are naturally well drained but in addition to this 
there are four tile drains in the second piece which contains only 
thirteen acres. One of these drains was carrying about two 
inches of water while the other two that I saw were not running 
at all. ‘There is still another drain on the land adjoining this 
on the east, which was carrying a large flow of water. The 
owner of the land stated that all of the drains carry water after 
he irrigates the land, showing conclusively that the land drains 
freely. The soil is sandy, very similar to that of Case 8, with 
which we have joined it. I was informed that some of the drains 
have been laid four years. Laboratory No. 1067 is a sample from 
Case 8, collected March 27, 1911, fifty feet from the river bank. 
We give two analyses of this sample, one of the water-soluble 
portion, the other a mechanical analysis of the soil. The water- 
soluble in this sample equaled 8.165 percent of the air-dried soil. 
Laboratory No. 1076 is a similar sample collected from the drained 
land and also within fifty feet of the river bank and not less than 
twelve feet above the river bed. These soils are so similar that the 
mechanical analysis of the one faithfully represents the other. 
The water-soluble in No. 1076 equalled 9.882 percent of the air- 
dried sample. 


ANALYSES XXIX xxx 
Water-Soluble Water-Soluble 
Laboratory Laboratory 
No. 1067 No. 1076 
March 27, 1911 May 2, 1911 
Percent Percent 
Caleien sulfate: seo pect wun deleioainia ceatieeiovens 21.826 19.494 
CaCI C KORO TIC cen a eee crpareee Reve einin terete ns 23.971 1.647 
Magnesie chlorid ......... PRO aae we cet ey 20.584 \ % 16.4385 — 
Potassies ChlO nid: che kl jas amet eieehee asin 2.880. 1.7163 
eleva ki'siy Olay Ko (okide rat ety connie ier Myan cia deur re 26.846 57.106 | 
Sodiewnitrave yj. ace ean en et 3.807 3.374 
Tron and Aduminicvoxid) oi .ih a dies aie a oe 0:10tm 
(Sab Bes Le SEEK) Ue Ret OS EP PON ont hs 6 Geyer 0.136 0.127 
100.000 100.000 — 
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ANALYSES XXXI XXXII 
Mechanical Drain 

Analysis P Water 
ma Laboratory Labratory 
No. 1067 No. 1201 
Percent Percent 

Above 1.0 mm. dia. ..... 0.708 
1.0) mm:-0-5 mm i, 15222 -Calcic sulfate ..5.5. 200.6: 21.380 
075° mm.-0.25 mm. .. 9.851 Magnesic sulfate ........ 25.249 
0.25 mm.-0.05 mm. .. 47.582 Potassic sulfate ......... 0.695 
0:05-mim--0,0 L mm: 2.125.022 Sodic, sulfate, 5... 0a 519 
0: 0t2mm--Clay i. << Roa Om SOIC: COLOTIC. «. <1..c.s 5s 0-0G-0ns 42.874 
Clay, oby> diff... 2728 1TA9'7* - Sodie:-earbonate- ..:..5... 4.683 
100.000 100.000 
: p. p. m. 

Mata SOlIiGS <5 one misieintns oils 8489.00000 
Ammonia ...... apn tere 0.01800 

Nitrogen as nitrites... 0.000038 
Nitrogen as nitrates... 0.10000 


The two pieces of land discussed at this time differ only in 
this, that one of them has been drained for four years and the 
other is not artificially drained at all. We observe that the soil 
consists of 47 percent of fine and very fine sand, further that 
there is 21 percent of silt and a fair amount of clay. The samples 
1067 and 1076 are alike in location so that they are perfectly com- 
parable in every respect except that the land represented by No. 
1076 has been drained for four years; some of the drains having 
been put in recently, others of them at earlier dates. The samples 
are both surface samples, that from the undrained land contains 
8.165 and the drained land 9.882 percent of water-soluble salts 
which in both cases consist of sulfates, chlorids and nitrates. The 
amounts of nitrates contained in the samples give us for No. 1067, 
2,072 pounds calculated for the top two inches, while No. 1076 
gives us 2,223 pounds calculated for a like depth, or calculated for 
the acre-foot of soil, we have 12,432 and 13,336 pounds respectively. 

The drain water was collected from an east and west drain 
crossing the northern end, while the sample of soil, No. 1076, was 
collected from the southeastern corner of this land. It may be 
further stated that there are two other east and west drains between 
the drain from which the water sample was taken and the point 
where we took the soil sample and in addition to this there is a 
north and south drain running within a few feet east of this latter 
point which is itself not more than fifty feet north of the river 
bank. 

I may also add that the soil on top of and along the side of 
this north and south drain is in the same condition as the sample 
actually taken. 

The object in stating these details is evident, i. e., to show 
that these conditions are independent of the seepage question and 
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that drainage is not of itself and necessarily a cure, and still 
further to show that these nitrates are not deposited by the evap- 
oration of ground water coming from other lands. The owner 
explained to me that the depth of the drains vary—which is evident 
without statement—but he added that the gravel below the soil 
is very irregular in its surface so that the depth of gravel penetrated 
by the drains is quite different. We will not consider any greater 
depth of soil than is represented by our samples, i. e., two inches, 
but we will calculate how much of this drain water would be 
required to furnish the nitrate which we actually find in these 
two inches of soil, and we will take this as 2,150 pounds. The 
samples of soil and drain water were taken in May, 1911. ‘The 
drain water contains 0.1 part per million of nitric nitrogen equiv- 
alent to 0.6 part per million sodic nitrate; taking an acre-foot of 
water at 2.7 million pounds it gives us 1.62 pounds of nitrates 
per acre-foot of water and we would have to evaporate 1,327 acre- 
feet of this drain water to obtain this 2,150 pounds of nitrates 
which we find present at this time. ‘The evaporation of this amount 
of water would require, assuming that the annual- evaporatioa 
amounted to sixty inches (at Ft. Collins it is only 41 inches) two 
hundred and sixty-five years. ‘This drain water carries 8,489 
parts of total solids per million which, calculated on the 1,327 acre- 
feet of water necessary to yield the 2,150 pounds of nitrates, would 
yield 30,414,840 pounds of salts, a quantity sufficient to cover the 
land more than seven feet deep, if we suppose them to have the 
same density as the soil itself. 

The changes in the conditions of these soils have taken place 
within the past few, say six, years, and these conclusions to which 
we are forced if we suppose that these nitrates have their origin 
in the evaporation of the ground waters are evidently false. We 
know that no 1,327 acre-feet of water have evaporated to dryness 
on this land in this time and it is evident that our country is not 
covered nearly eight feet deep with calcic chlorid and other salts 
and we are likewise quite as sure that land which up to six years 
ago, and this assumed period is from three to six times as long as 
the facts indicate, has not been two hundred and sixty-five years in 
going to the bad. 

I have described the condition of the land north and east of 
‘north of this orchard, designated No. 8, and from one-fourth to 
one-half mile distant, as having the natural color of ordinary — 
adobe soil, in 1907 and 1908, with an abundance of ordinary white — 
alkali in its surface portions, and stated that sulfate of soda — 
crystals up to two and a half inches long occurred in the lower 
portions of this land, especially in depressions in the surface soil. 
In the spring of 1911 practically the whole surface in this land is — 
dark brown in color and greasy in appearance. I dug a hole four ~ 
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and a half feet deep in a low spot in the field, and while the ground 
was wet, there was no free water. It is very probable that the water 
table in this land varies exceedingly from place to place, indeed 
it is very probable that one might choose a place and dig a hole 
twelve or more feet deep and find no portion of it wetter than the 
top six inches, possibly not as wet, and at another point encounter 
water within three feet or less of the surface; further, these points 
may be close together in the field. A sample of surface soil with 
its allali was taken at the point where I dug the hole four and a 
half feet deep; this was mixed with samples of like soil from other 
parts of the field. This sample is so rich in nitrates that the aqueous 
extract from two grams of it gives a strong reaction for nitric 
acid. In 1907 the extract of the soil gave none. There are many 
square miles of such lands. The following analysis is to be com- 
pared with analyses of Laboratory Nos. 622 and 632. ‘This land 
was already seeped in 1907, almost if not quite as badly then as 
now. The water-soluble in sample No. 1070 equalled 18.176 percent. 


ANALYSIS XXXIII 
Water-Soluble 

Laboratory 

No. 1070 
Surface Soil 
May 2, 1911 
Percent 
(CLAN Re: FSV UIE Ti en maeemmeetatiaty tat ries. 5 Gar 32 )eo iar acid Age ee Be 21.104 
OTE SLG EAU PATE cre: dee ue sae vee en aeRO Re. Sp! yk ensue eee 15.766 
ISAS STC SULIT ATO Unease. bckenw niches) Koh SE Renee Maorisrs cia ci ahadie Ura wh ae 273 9 
(Syoyohvar (EAE Wee RL Nee torte Ones oS olor n GISNE CIES Ree ee ee 1.676 
Ode CHIOTION siacians a seh sy 00m «at mete nme eeare, BR MM Mae Lhe rads. codicaieholee 58.263 
SANG Cha Oy en eat enna ar aio Pole cov ih cee Ca nue ats Cee ae er 0.518 
LrOTMAT Cs ANTI C ORIG | aaa ritebetmeaae sich ayn terete chess cus. sic ‘hee anavte 0.052 
SHUNT MOL yeas Rea ems cacao inchs GA a5 Gc-ocam eics cee POP ee ene eae 0.230 
100.000 


The percentage of sodic nitrate in this analysis is not large 
compared with some of our samples, but compared with the quan- 
tities present in 1907 it is quite as striking as the changes in the 
appearance of the land itself which was then the uniform gray 
of our adobe soils, now it looks as though it had been irregularly 
moistened with a heavy crude oil and though the large quantities of 
salts present are not favorable to an abundant development of 
‘nitrates we now find nitrates present at the rate of one and nine- 
tenths tons per acre-foot where, four years before, we found none. 

Case No. 9—I visited this orchard for the first time May 
18, 1910. ‘The age of the trees still living was twenty-eight years. 
No disease had appeared in the orchard till the season of 1909. 
During this season about two and one-half acres of the orchard, 
two hundred trees, showed serious trouble and died in about six 
weeks. These trees had been removed from the orchard at this 
time, May 18, 1910, and used to stop the washing away of the 
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river bank. The trees were not only old, they were also large, 
some of them measuring fifteen inches in diameter, and the owner 
stated that he had gathered from them crops of fifty boxes to the 
tree. The soil is a light sandy loam with a decidedly sandy sub- 
soil, underlaid by gravel at a depth of from six to eight feet. We 
dug a hole five feet deep eight days after irrigation and found the 
ground only fairly moist. The drainage of this land is so free 
that when the northern part of it is irrigated freely a well in the 
southern part’ will show a rise of water within a few hours, less 
than twenty-four, and falls quickly. 

After the dead trees were removed the land was prepared for 
planting to some crop. It appeared to be in the most excellent 
condition. Corn was subsquently planted but the stand obtained 
was very poor indeed. ‘The owner attributed this to. the quality 
of the seed which he said appeared to be good but it did not come 
up. I dug up samples of the seed corn which were thoroughly 
preserved, the grains were full, plump, fine-looking ones and 
there was an abundance of moisture to permit germination. This 
soil was brown and mealy on the surface. A sample was taken 
at this place where the corn had failed to come up and an analysis 
of it will be given later. This land continued to become more 
and more mealy and the remaining portion of the orchard became 
involved to a greater extent as the season passed, till, by the 
middle of September, at least one-half of the total area, five acres 
or more, was decidedly brown, and a further number of these old 
apple trees were affected. The corn crop was a complete failure. 
The sample taken, 989, represented the surface soil of a consider- __ 
able area and was made by taking portions at various places, mixing 
as thoroughly as possible and then cutting it down to a manageable 
size; the depth of the soil represented is four and a half inches. 
The water-soluble equalled in No. 989, 2.884; in No. 892, 2.398; 
in No. 1074, 3.909, and in No. 989a, 6.96 percent of the air-dried 
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ANALYSES XXXIV XXXV XXXVII 
Water-Soluble Water-Soluble Water-Soluble Water-Soluble 
Laboratory Laboratory Laboratory Laboratory 
No. 982 No. 989 No. 989a No. 1074 
July 19, 1910 July 11, 1910 Sept. 12,1910 May/7, 1911 a 
Percent Percent Percent Percent: 
CalcicisSultate rice. Gist enna 30.263 24.664 8.756 37:98 2) 
Calcic™ chlonid ni cma wer 5.888 9.298 14.117 © 
Magnesic gulfate ......... 1.726 
Magnesic chlorid ........ 14.930 15.217 9.217 10.817 
PMotassic: Chlovidh seems 3.190 2.861 1.632 3.898 
Sodic-chlorid: v/s tei cisness 41.757 43.832 60.219 35.135 
Bodies nitrated, 10. cas) secs 8.605 8.033 5.906 9.889 
Iron and Aluminic oxids... 0.152 0.138 0.084 0.087 
SIILCIC LAO. 5 fy een ee cae as 0.215 0.232 0.069 0.466 
Car DOM ee eae pace 0.725 ———— 
100.000 100.000 100.000 100.000 
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The soil designated as Laboratory No. 989a, was very brown 
on its surface, and when exposed to the atmosphere, after drying at 
100°, absorbed enough moisture to cause it to adhere so tena- 
ciously that one could press it into clumps in the hand which re- 
tained the form of the fingers. The aqueous extract had a brownish 
yellow color which became decidedly brown on evaporation. ‘This 
color continued to go into solution even after the chlorids and 
sulfates had been completely washed out. ‘The color could scarcely 
have been due to humus in the presence of such quantities of lime 
salts, besides the soil is poor in humus and the strong brown color 
on the surface of this soil is not due to this cause. It would have 
been difficult to have obtained a sample of this soil entirely free 
from the azotobacter pigments in which to determine the humus. 
Prof. Sackett has obtained cultures showing that the azotobacter 
pigments are soluble in water. This accounts for the deportment 
of this sample. 

The mechanical analysis given for Laboratory No. 1067 is 
quite as applicable to the sample No. 989 as to the one of which 
it was made and likewise the agricultural chemical analysis is 
quite as applicable to 1067. ‘The localities are probably as much a3 
two miles apart but the soils are similar in location and character. 


ANALYSIS XXXVIII 

Soil, top four 
inches 

Laboratory 
No. 989 

Percent 

“SHES ENG. Babee ra ere Opera aie are NEV 1 GE 2 ECE Scone EES 59.993 
Tere ACT Can SOL nacte sa. che co nee ne Bre eaten mina eR Rc Wee 15.000 
Ser UiC ACIG : “Aca dicate Lae Mee eee rons Siero eee Ss ans ees 0.430 
MOU OMT CH ALCL = tons ser che ake Cae ee EEA GNM US EI, emetic, Sie céilong ove aces le 3.450 
(CHALOM Fe ere Ceaser ain, ONE LS aise Sh ne a rr 1.561 
ERODE Ole s ACT: t= 1a. 4 av vake beara emer eM claret Naticioe! ators Sow) Sukie Swe 0.220 
SITAR 5. ic! scene) Se yalio, SCAMMER EL eae eel ae et Ohba leone alas enero 4.890 
Fee RRMA Lees sc aice: Jos" are vevanai fens Neb ceieeh See Ree eM EMCEE Oe eich oes tetaraica a 1.783 
CPSTEDISIT 2 15.5. aca egae tReet ED AeCCL ice Aone gS ay. rts ak bd Aang ne eae aR 0.794 
oO ERCHES 5, S50 SA ae RRR eS BAC Pack ret actin 4 acd 2 A> a oi Be oe 1.557 
DISSE OSG 6 | 2 RRR moe AE Bek Oe a 8.542 
PAMNPETTE TER CEOO SLL cis tv's apie Ura ebar sien or aeece es ORE Tee Maio Ree es eee el bere Seane 2.189 
NAN IEEE CICS OCO-8 (6 RO arma AAE DUI acurlern del cem kts nygecy ce kent eeu ie pars 0.370 
VEDI TS FOC 22 LUDO RR olor on aS etn cf naan ap er 0.500 

Pr OTIMRM tem sc. ahg- sus pm eRe eNIe cuGue a Mave Meller she wire ¥en le odiexete oe (4.072) 
ENR MER RMI cia So pS te He o:toicat oes eemoMeN a titag Meha o elie, bo ener eagle toa Nea G Site wns 100.351 
Omeguivalen testo) CHIOTIMS cscs cite ciile a) isi be) oe ites sce a shsiis wc ye eile '* 0.351 
Seo eet NOMEN ee Ret che tok adele AMeiat ne tate Re mciseny ta eset chee te: 6 Seer cherie 100.000 
MO METAL CEOS OTs fio ei'oiccls.« \ete ebainel SuslleR ene erisv-os or, lie Syeika sel ayia. /e o's 019 Welpuggaye 1 0.118 


The ordinary agricultural analysis of this sample indicates 
that it is an excellent soil, which inference would be further 
justified by the mechanical analysis of No. 1067. While these 
inferences are fully justified by the analytical results and even 
further by the fact that all that was said of the preceding case, 
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Case No. 8, i regard to the drainage or water conditions, the 
simple fact remains that the twenty-eight-year-old apple trees, 
beginning in 1909, have practically all died, and the corn planted in 
1910 was a total failure as a crop. When we consider samples 
982, 989 and 989ga, we see that the surface five inches of the soil 
contains from 1,440 to 1,660 pounds of sodic or other nitrate per 
acre. Approximately this depth was taken because these samples 
were taken after the corn had failed to come up and it was thought 
that the results obtained would give us an idea of the lower limits 
of nitrates which would prohibit germination. We knew per- 
fectly well that this would not establish anything beyond giving 
us an idea of what quantity will prohibit the germination of corit. 
The quantity which effects this is less than 0.09 percent of the 
soil. Sample No. 1074 is a surface sample from the place where 
oats, potatoes, etc., will not grow but pear trees continue to do 
quite well. We find that the top two inches of this land carries 
2,578 pounds of nitrates per acre—I surmise that the pear trees 
endure this apparently better than apple trees and the other plants 
because they feed at greater depths and it may be true, as it 
actually seemed to be, that they are more tolerant of these salts than 
the other plants, but they are not immune for I have seen pear _ 
trees that have been killed just as the apple trees were killed. [ 
repeat that the facts adduced pertaining to the two pieces of land _ 
mentioned under Case No. 8 apply with full force to Case No. 9, in 
fact these cases might have been discussed as a single one if the 
distance between them and the age of the orchard in Case g had not 
made it ill advised to do so. 


Case No. 10—This is a peach orchard and the part referred 
to in this paragraph has been reset a number of times, the last time 
to pear trees, but without success. ‘The part very badly affected 
is about one-third of an acre in extent, but there is probably three 
acres in all that is damaged by these conditions. This soil is a ~ 
sandy loam three feet deep, underlaid by a coarse granitic gravel. — 
The surface is brown and there is no vegetation. The land is no — 
lower than the surrounding country. ‘There was no excessive — 
water in this or in adjacent lands. ‘Two samples of soil were taken, — 
one to a depth of one foot, No. 874; this sample showed the — 
presence of 1.127 percent soluble in water; the other, No. 880, was 
a surface sample taken to a depth of one and one-half inches which 
showed the presence of 5.528 percent of the air-dried sample soluble © 
in water. : 
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ANALYSES XXXIX XL 
Water-Soluble Water-Soluble 
Laboratory Laboratory 
No. 880 No. 874 
Nov. 2, 1909 Nov. 2, 1909 
Percent Percent ~ 
CTC UMA LALO mapa einatenctin Geko. tik wis ey acette 30.513 52.204 
(OED CGM AGLITK 6a 0 AE NSE fold re og a 2.412 
MRE MTOS UC AR IEETELC) “siinl-ateneh cnet acnitiieteclvayan aati was 6.991 
MIS MOS OT CULOLIG: crs. diene, svaulete: aarp Soest.) ace’ 13.990 10.594 
ROTORS CE TILTOLO. <2. tiare wars adateteiees ete. at evs vo 5.210 
Ee GUASSIC COLOUIC, “eae hes 4 asta woh © Wie Sis eee’ 5.199 
BOLASSH GA TITELALO ue save. se «oh ereeleiebiat ers eusne © 6.809 
SOCACHEMLOTIG ir v.44 wisi ove @ Hevea ereteane arte © 6 1.276 
SOGCeMILPA COs Mess. its, ov sve QGhabene tera Bye ails 40.841 22.981 
Tron: sand Aluminic -oxides sis s8 68 bas 0.092 0.393 
ules ACTOR Cy Pick at's. bist is ve toncallincdaenie nets uetalebilay 6 Trace Trace 
SUIT OM AOU eee eic. concn sd klepeleemnernner aan Se 0.133 
EON UMN eres o tsa 20. ai Zale’ s\ 0 he eREPOMNTEL ok eltaeen tetra 0.362 
100.000 100.000 


This is perhaps the most surprising occurrence of this diffi- 
culty that I have to record. ‘This land is most favorably located, 
but it is not the only piece of land affected in this manner in this 
section. ‘The owner told me that he had removed an old orchard 
principally because the varieties were poor, and that he had not 
been able to get the young trees to live. In the case of No. 880 
we have been compelled to unite a part of the nitric acid with 
magnesium and potassium and we have 52.86 percent of the total 
soluble salts composed of nitrates, giving us the top inch and a 
half, the depth to which the sample was taken, 14,610 pounds to 
the acre—7.3 tons, or 116,880 pounds of nitrates to the acre-foot 
of such soil—s8.4 tons. 

Sample No. 874 represents the next succeeding foot with 
5.7 tons per acre-foot. We actually have in the top thirteen and 
one-half inches of this land 13 tons of nitrates, principally nitrate 
of soda. ‘This land is wholly barren. ‘There is a cellar at the 
edge of this piece of land, six feet deep, the bottom of which is in 
the coarse gravel previously mentioned. In March, 1911, the 
bottom of this cellar was not only dry but actually dusty when 
stirred. . 

Most of the pear trees set in the spring of 1910 died before 
mid-summer and but few survived till the spring of 1911. The 
pear tree seems to be very tolerant of these salts, especially so when 
once established. 


Case No. 11— This orchard is located near a ditch. The 
trees were attacked in July or August and died outright. The 
land had been heavily manured and when I visited it, it had just 
been irrigated and was, of course, wet on the surface. We dug a 
hole five and a half feet deep and found no signs of any excess 
of water. The soil is a sandy loam. I took two samples, one of 
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them one and a half inches deep; this gave 1.45 percent soluble in 
water and showed very little nitric acid. The other sample was 
taken to a greater depth, eight inches, and showed the presence of 
1.762 percent water-soluble and a very decided quantity of nitric 
acid. 


ANALYSES XLI XLII 
Water-Soluble Water-Soluble 
Laboratory - Laboratory 

No. 876 No. 877a 
Percent Percent 
ASACIOWSIIEALO. ots agevek Sit casual att 1a: omens 80.3505 43.457 
MASMCRIGBUITATE <5 Giga eiacsiccots ete te enaiavers 8.591 19.658 
POLasSiCISUllates ss ail san inal none eeRe 2,998 10.206 

POvasHCe CHIOTIG.. sxc. amt hs Smee nae 4.458 

Homies swsitato ais ate ra haan Lee lise ede plete 1.030 
NOALGHVCDTO TAGS Sa | Aivaie esecesiens, Whee arene ten 2.302 13.494 
OGIO PMT ETAL Oi. rare osha tale ton ete dae eebemtene pees 11.373 
iron.and  Aluminic Oxids 2s). Ves cc 0.193 0.147 
OLILCTG AA GIC "late pra Siegcleeda a ata eceoe, 4 Sh icra ee 1.103 0.635 
100.000 100.000 


It is seldom that we have so great a difference in the character 
of the soluble salts in samples of soil from the same place. ' This 
is probably due to the heavy irrigation that this land had just 
received. It had apparently moved the whole of the nitric acid 
down into the soil to a greater depth than one and a half inches 
and most of the sodic and potassic salts with it. In this respect 
these two analyses are quite interesting. The eight-inch sample 
shows the presence of 5,344 pounds per acre in this section of 
soil, or a little over four tons to the acre-foot. : 

Case No. 12—This is one of the worst cases that I have 
observed. ‘The soil is sandy and the orchard is contiguous to ~ 
Orchard No. 11 and west of it. In June, 1910, I observed the © 
beginning of a very general burning in the orchard and a few — 
trees, perhaps twelve to twenty, were already dead or in a bad 
condition. I spoke to the owner in regard to the matter but he- 
thought that it was a case of spray burning and attributed the — 
trouble to a faultily prepared lead arsenate. He was very positive — 
in regard to the.matter. I saw this orchard in September when it — 
was in a very bad condition, probably upwards of six acres being — 
involved and very many of the trees will not survive the season. — 
‘The conditions of this orchard are the same as in Orchard No. 11, 
and there is no question of drainage or alkali. Both orchards are 
fairly old ones, the oldest trees being probably not less than sixteen 
years and the youngest twelve to fourteen years old. When the 
owner of Orchard No. 12 became convinced that something more 
serious than spray burning had happened to his trees he manured _ 
the land and irrigated heavily. The development of this orcha 
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in 1911 would have been interesting to watch, if the owner had 
not removed the six-or-eight-acre block of trees. 


Cases Nos. 13 and 14— These orchards have suffered 
greatly, especially No. 14, during the past seasons; fifty acres or 
more in the two orchards have been seriously affected, and many 
trees have died. The soil conditions vary considerably in different 
portions of these properties; some of the land, a small portion, is 
low, but the most of it is well located. -I have joined these prop- 
erties because they are close together but not adjoining and be- 
cause they present, in the main, essentially the same problems. They 
are both pretty well protected against seepage, being nearly if not 
the highest ground under irrigation in that section. One of them 
has a very deep wash on the north and west sides of it and a 
system of drains running through the lower land. ‘The questions 
pertaining to Orchard No. 13 may be more involved than any 
which I have heretofore described, but this is not the case with 
No. 14. I gave the analyses of two samples of drain water from 
Orchard No. 13 in Bulletin 155. They were as follows: 


ANALYSES XLII XLIV 
Residue from Residue from 
Drain Drain 
Water Water 
Laboratory Laboratory 
No. 610 No. 792 
Percent Percent © 
RO ALGIGN SUITE Ox. es) ahaviale ss \oxe la aver sgblepel even 23.202 22.352 
MMB SIESIC: SUITAUO | cyt ses «v0, aravador ancien iene 36.662 31.586 
POtHSBIG SSUIPALOL NM: store ee em ice ella wea raries s 0.705 1.502 
DOGO SINLATS” soe cso saenler tanner ent eatencitcee 29.991 24.775 
Bodie CHIOLIG: ais ssw gis. neds Geena eee 2.863 9.050 
POCA CATDONATG, .. 2 yc aces ir eehabenoeabarcy « 4.093 4.120 
OC UD PEL LO S.iphha ccascal nee sae eNeMeue Maen Uke mite 2.275 6.500 
STOLE ACEO «cece... 1eoea (ea ene ned REN ecan 0.209 0.115 
100.000 100.000 


The solids in these waters are essentially sulfates. The small 
amount of carbonates indicates the amount of this salt to be ex- 
pected in the soil. We find in the drain waters from soils more 
favorably conditioned than this one, from seven to twenty-three 
percent of the total solids held in solution consisting of this salt, 
carbonate. I unfortunately do not know the amount of water 
discharged by the respective drains at the time the samples were 
taken but the total solids varied only slightly. No. 610 contained 
637.3 grains of total solids per imperial gallon; No. 792, 622.65 
grains. A drain water flowing from a piece of strongly alkalized 
ground contained 113.8 grains, sample taken in April. Another 
sample from the same ground, taken in July, contained 72.8 grains, 
and another in February three years later contained 160.5 grains. 
Another drain water flowing from a somewhat alkalized area, but 
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by no means a very bad one, contained 62.2 grains per imperial 
gallon. 

The nitric nitrogen was determined in two of these samples, 
one containing 0.24 part, the other 0.48 part per million, whereas 
No. 610 carried 34.5 parts and No. 792 carried 96.37 parts nitric 
nitrogen per million, or No. 610 carried 143.8 times as much as the 
first drain water and. No. 792 carried 200 times as much as the 
second drain water. While the percentage of sodic carbonate in 
the residue obtained from these waters varies greatly, the actual 
amount of sodic carbonate per million of water is nearly the 
same, for instance, 323, 355, and 364 parts per million, which 
serves to show how very high the nitrates in these two waters are 
in comparison with the amounts present in drain waters from 
ordinary alkali land. 

The flow from these drains undoubtedly varies with the irri- 
gating season. I do not know whether the drains are stopped up 
or not but they discharged no water for several months during 
the spring of I9gII. 

The land included in Orchard No. 13, as stated before, pre- 
sents involved conditions. A portion of it was seeped and badly 
so, ten or twelve years ago, and was drained a little over ten years 
ago. This land in the meantime has been benefited to such an 
extent that good crops of wheat, forty-five bushels per acre, have 
been harvested from it. There are portions of this area through 
which the drain passes and which one would think should receive 
the full benefit of the drainage which, though not wetter than other 
portions, are unproductive. I took samples from such places sevy- 
eral years ago. In taking these samples I recognized three con- 
ditions, a thin crust on the surface, of which 8.317 percent was 
soluble in water; a portion immediately underneath this crust, of 
which 7.680 percent was soluble, and the soil proper, the first foot 
of which after the two preceding portions had been removed, gave 
me 1.330 percent soluble in water. 


ANALYSES XLV XLVI XLVII 
Water-Soluble Water-Soluble Water-Soluble 
Laboratory Laboratory Laboratory 
No. 819 No. 818 No. 816 
Crust on Portion under Soil one 
surface the crust foot deep 
: Percent Percent Percent 
Calelerswifate “rin oo «sienna 13.926 51.858 19.863 
Magnesic: sulfates oi. si. 3 oes 20.841 11.0438 14.511 
PoOtassiewsultate:...0aiamitee ghee 2.027 2.084 2.611 
NOdicwsidtateles st. ya ceieusetaleus 44.021 16.734 52.334 
Sodie carbonate <<. iitre swiss. —_ 0.872 — 
POdLemenlorid Meo. vacaeearn eee 16.427 16.793 8.795: 
Sodicz nitrate... ckesse me sp oe 2.525 2.435 1.646 — 
Iron and Aluminic oxid...... 0.067 0.032 0.098 — 
DINCIGMACIAY te chpacrns ose n tease epee 0.166 0.149 0.142 — 


100.000 100.000 100.000 — 


‘ 
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A very large portion of this orchard, at least thirty-five acres, 
has been removed. Some of the trees may have been killed by an 
excess of water. I am fully prepared to accept this as an adequate 
and very probable cause'in some cases and yet the question presents 
itself why they should have lived to be fourteen or sixteen years 
old and die several, eight or ten, years after the drains were put 
in and the water had been removed. I realize that it is exceedingly 
difficult to present all of the facts and the questions which arise 
in this connection so that persons who have never seen these con- 
ditions can apprehend them. But though the facts may be perplex- 
ing and it may be difficult to give a satisfactory reason why seepage 
should kill these trees, I am still thoroughly convinced that ex- 
cessive water injured some of them. This, however, does not 
apply to the greater part of this orchard. Almost, but not quite, 
the highest portion of this orchard with the deep wash, previously 
referred to, bounding the section on two sides, has suffered se- 
verely, in fact, several acres of it, ten or more, have been entirely 
destroyed. ‘The trees have not been killed by winter injury, nor by 
arsenic, so far as I have been able to detect and I have tried to 
determine this point, but a great many of them have been burned 
and have died just as in the other orchards described. In the 
summer of 1909 and again in 1910 I watched the progress of the 
destruction of this orchard, marking trees in May and June to 
see them dead in August and September. 

Samples of the surface soil from the higher sandy portion 
of the orchard, where the destruction of the trees has been com- 
plete, gave the following results: the water-soluble equalled in 
815, 0.985, in 1061, 1.467, and in 1075, 8.590 percent of the air- 
dried sample. 


ANALYSES XLVIII1 XLIX L 

Water-Soluble Water-Soluble Water-Soluble 

Laboratory Laboratory Laboratory 

No. 815 No. 1061 No. 1075 

June 3, 1909 March 28, 1911 May 2, 1911 

Percent Percent Percent 

CANCION SWILACC 05. ws gt seers ily (auyal 59.460 28.162 
Marnesie sulfate... 5.6 ae ous 27.166 15.714 9.470 
Miciemesic yeblOrid. .. sine estes —o ——_— - 9.141 
motassic sulfate .....tue ue os 3.768 3.466 ——— 
PoOLassic Chlorid ..).. 6 wna. es ——_— 3.264 3: 9en 
BOGKIC SILLA TGL cs os 4c wieesmenis cca ehs 11.925 ————_ ee 
BOCemOOLORIC "as saciis xe saxon nla, or 18.683 4.540 5.086 
BOGKCRNDMELALGH vs.< Gli s<4eye erm eens 20.367 13.057 44.035 
Iron and Aluminic oxid..... 0.065 Trace 
RUICTO ACTOS tet Ge tno ace prec ais 0.505 0.499 0.174 
: 100.000 100.000 100.000 


Sample No. 1075 is the surface, mealy portion formed in the 
irrigating furrows after the last irrigation. This land has been 
sown to oats this year, 1911, but they are not in good condition. 
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The water-soluble in this sample equalled 8.590 percent and the - 
nitrates equaled 44.0 percent of this, or 3.78 percent of the sample 
as it was gathered, showing that the surface soil is now very rich in 
nitrates. Sample No. 1061 is an actual sample of this soil taken to 
a depth of from four to six inches; the sample is a composite one 
from ten different points in the field. We see that it contaits 
practically 1.5 percent of the water-soluble salts of which 13.0 
percent was sodic nitrate which gives us 3,900 pounds of nitrates 
in the top six inches of the soil. This land lies on and above the 
wash alluded to which is eleven feet ten inches deep and is actually 
encroaching upon this land on both the north and west sides, 
which ought to secure excellent drainage especially as the land is 
not a heavy adobe soil, still it will puddle and retain water more 
persistently than one would think. The presence of the nitric acid 
in the first sample of soil, No. 815, taken at the base of one of 
these trees was a surprise to me, though I knew of its occurrence in 
adjoining portions of the land where the trees had already died. 
This whole section of trees, probably ten acres, has been dug up. 
It is useless to attempt to present to oneself any questions in 
regard to what would have been the condition of this orchard and 
land had it not been drained, as it was a little over ten years ago. | 
am satisfied that the drainage system carries off the excessive 
water whether it is from the irrigation applied or from other 
sources and establishes a zone and certain areas where there is a 
comparatively uniform and moderate, but still an abundant supply 
of moisture which renders possible the development of the nitrates, 
if other conditions are favorable. What the optimum degree of 
moisture may be I do not know but my observation leads me to 
believe that a constant supply amounting, near the surface, to 18 
or 20 percent, is sufficient for a rapid development of the trouble. 
After this is thoroughly established it seems to modify the moisture 
conditions of the soil as has been indicated by direct assertion of this 
fact and further by describing the ground as a veritable mud. 
Orchard No. 14 is also a large orchard, but has quite a dif- 
ferent soil. ‘The burning has been very general and serious, at 
least twenty acres being involved, some of it on rather high and 
sloping land, some of it on lower and level land. The develop- 
ments in this orchard during the season of 1910 were sufficient to 
cause the manager and the owners the gravest anxiety, while the 
developments in the past month, May, 1911, are extremely serious. 
In this case we probably have an illustration of the effect of 
the irrigating water washing the nitrates down into the feeding 
area of the roots, and thus causing the damage, for some of the 


_ soil, while it is stained brown, is not at all in a bad condition. 


The former manager of this property kept the orchard well culti- — 
vated and the soil was in fine condition throughout the season of — 
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1910, so that there was no good opportunity to observe the forma- 
tion of crusts and mealy portions. The irrigating furrows, how- 
ever, showed the brown lines very strongly in places. A sample 
of the soil taken from the northeastern section of the orchard to a 
depth of one foot showed only 0.062 percent of the matter soluble 
in water, but this soluble portion reacted like a pure nitrate solution. 
The trees were burning in this section of the orchard at the time the 
sample was taken. I had known for several years that a small part, 
possibly one-quarter of an acre, of this orchard, close to a deep 
wash, was affected with this trouble, but in the early part of June, 
1910, I found the trouble more general and it grew quite rapidly 
in severity and extent till there was scarcely a tree in a large 
portion of the orchard but that showed more or less burning, and 
the present outlook is very bad. 


ANALYSES LI LII 
Water-Soluble Water-Soluble 
, Laboratory Laboratory 
No. 1063 No. 1072 
March 28, 1811 May 2, 1911 
Percent Percent 
Calcio silfateum.. su lon euthanasia bieaete 10.388 31.808 
Calorie: CHionid savy Leer ne pes oe 36.807 - 12.813 
Masnesic: Chlorid: “cic. wae tes 5.312 14.940 
MASNESIC | MICPALS™, cca cassia aaa ieeet ae 9.946 
POPAsSIO Hy COLOLIC -¢:.yrtiw avecaiei te uae nee ee 2.329 
HZ OUUSS em MULLS a.) va wis cosine «er nb ae en ena EEE 1.727 
ROG tx CUNO TEC hese eiras tov waclon ahve. so? ops al eae eee 1.983 
OMG MUL TELO J 9 wised coaleus ol seme aon iearneeterwese 35.560 35.556 
Troma Gd -AiimMiIniG)- OXI = a <ccin ensldnsece 3 0.066 0.267 
STL CLC AC Ais sy 0d cass aevie ea ene eum icles 0.194 0.304 
100.000 100.000 


Sample No. 1063 was taken in March and-No. 1072 in May, 
IgI1, from the southwestern section of the orchard. The total area 
of this orchard is ninety acres. A few trees died in this section of 
the orchard in 1910 but the death rate in May, rgI1, is most alarm- 
ing. Many trees that leafed out fully in the early part of the 
month, May, 1911, were killed outright by the 30th, as many as 
six or eight consecutive trees in a row, all succumbing in exactly 
the same manner. The water plane of the lowest portion of this 
land was at this time four and three-quarters feet below the sur- 
face. I wish to emphasize the following two facts; first, that 
apple trees in our country do not root deeper than two and a half 
feet as a rule; second, that it is very improbable that even the 
oldest reader of this bulletin has ever seen anything in any way 
comparable to the facts here presented, and I am fully convinced 
that they are so entirely beyond his observation and knowledge 
that he can neither conceive of nor justly pass judgment upon 
them for he does not know the facts. : 

I have at all times avoided anything approaching a dissertation 
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upon the facts believing that no statement of them can be more 
forceful than the facts themselves, but men who may have seen 
many things and never seen the like of this and others also judge 
such things to be impossible because they have not seen them and 
no one has, heretofore, described anything comparable to them. 
In these facts lies my only justification for the following statement 
relative to this case. Some five or six years ago I found in the 
southeast corner of this orchard a few dead trees, killed, as I then 
believed, by nitre. The ground was mealy and had that softness 
under the foot which we have learned to be peculiar to the earlier 
stages of this condition and sometimes persistent throughout the 
course of its development, even to the utter ruination of the land. 
No further trouble seemed to develop in this orchard for several 
years except that this bad area extended slowly from year to year. 
I visited this orchard but once or twice in 1909, and if there was 
any general burning of the orchard I neither saw it nor was it 
called to my attention. That there was some burning is under- 
stood, especially in the southeastern section. In 1910, however, 
the burning was very general throughout the ninety acres. A 
portion of the orchard was decidedly bad and many trees, the actual 
number I do not know, died and were removed. 


In the northeastern section of the orchard many trees that 
so far as was known, were in good condition in 1909, were in 
bad condition and the leaves were burning in July, 1910. Even 
I had difficulty in pursuading myself that much of the injury was 
not due to freezing dry. The fact remains, however, that the 
leaves were burning in just the manner that nitre burns them; — 
further, the sides and crests of the irrigating furrows were streaked — 
with brown, which we have learned to be an almost infallible sign 
of the presence of nitrates. Holes were dug in this section of © 
the orchard without striking water but the trees were being in- — 
jured. In the spring of 1911 a party kindly bored a hole at my — 
suggestion to determine the depth of the water plane; he found — 
the soil dry at a depth of six and a half feet. At the time of my ~ 
last visit to this orchard, May 30, 1911, the trees at this point had © 
not yet begun to burn. The leaves were large and deep green in 
color. One would infer from the conditions as they presented — 
themselves that too little water had been applied to this section. — 
I have no contour map of this orchard but this northeastern section 
is patently the highest portion of it and the slope is to the south. — 
A little way down in the orchard we found the leaves of the water 
sprouts burning to such an extent that there could be no possible 
question concerning the cause. ‘This season, 1911, is the first time 
that I have seen burning to any noticeable extent before the middle” 
of June, but this year it is very common at this date, May 30. 

In 1910 almost every tree throughout the central portion 


PLATE II.—See page 41. 


No. lis the upper figure 
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this orchard showed in August and September more or less burning 
and here and there a tree wholly succumbed. Many trees, how- 
ever, were only severely injured, either by having one or more 
limbs entirely killed or the extremities of the branches killed back 
varying distances. As yet this section of the orchard does not 
show the burning badly at all; it is too early and the trees have 
not had a liberal supply of water. 

The western part of this orchard was rather bad, and many 
trees showed burning last year, but the burning did not take place 
till the latter part of the season, from mid-summer till autumn. 
This year, however, many trees that came into full leaf in early 
May had already been killed by the thirtieth of the month. I visited 
this orchard on the second and again on the thirtieth of this month 
and while I have seen other orchards destroyed quickly I have no- 
where seen anything surpassing this in the extent of the injury and 
the rate of its accomplishment. The ground water was four and 
three-quarters feet below the surface. ‘The surface soil was dry 
but brown and mealy. The disc had cut about three inches deep 
and the sides and bottom of the cut looked as though crude oil had 
been uniformly distributed over them. Sample No. 1063 was 
gathered from the surface of this ground on March 28, and was 
taken to a depth of two or more inches. It was a composite 
sample made up of smaller samples from several places. Sample 
1072 was likewise a composite sample taken from the sides and 
bottom of the cut made by the disc. ‘These samples represent the 
salts soluble in water and contained in the top two inches of the 
soil, where the trees are now dying very rapidly, and we see that 
they agree in showing 6.158 and 6.197 percent of such salts, 
47.233 percent of the former and 35.556 percent of the latter 
being composed of nitrates. Calculating the nitrates present in 
the top two inches of this soil, we obtain 9.6 tons per acre for the 
sample taken in March from the surface soil and 7.6 tons for the 
sample taken in May from the sides and bottom of the disc cuts 
or furrows, or calculated on the acre-foot, 58 and 44 tons respec- 
tively. The ground where the samples were taken is lower than 
a portion of the orchard but the ground is still so sloping that we 
cannot explain the presence of this large quantity of nitrates by 
supposing them to represent the washings from the rest of the 
orchard. 

Plate II shows the condition of some of the trees in this 
orchard on June 23, 1911. ‘The upper photograph, Fig. 1, repre- 
sents a tree which at this time showed no effects of the nitrates. 
The lower one, Fig. 2, represents a tree which ceveloped a full 
foliage in May and was dead at the time the photograph was 
taken, June 23, 1911. ‘These two trees do not stand more than fifty 
or sixty feet from one another. The only reason why trees even 
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this far apart, were chosen was because we could not get a good 
view of an unaffected tree standing in the next row and contiguous 
to the dead tree represented by the lower photograph. 

In a preceding paragraph I stated that on May 30, 1911 the 
trees were burning badly in the southwestern portion of the orchard, 
as many as six or eight consecutive trees in a row being attacked 
and dying in the same manner. On June 23 I counted thirty-five 
consecutive trees in one row which were all attacked to a greater or 
less extent. Of these thirty-five trees not less than twenty-five 
were already dead and of the remaining ten five were already so 
badly injured that there was no hope of their recovery. 


Case No. 15— Under this number I shall present two adjacent 
orchards, without going into any details. I first noticed one of 
these orchards about four years ago. At that time about one and 
a half acres of the land was bare; the few trees that were still 
standing were dead. The surface of the soil was brown. I visited 
this orchard in 1909 and took a sample of the soil to a depth of 
one foot. The condition of the land did not appear to be very 
bad but it had been recently cultivated which operation effectually 
conceals this condition if carefully done. This sample yielded 
3.580 percent of water-soluble which afforded the following results: 


ANALYSIS LIII 
Water- 
Soluble 
Laboratory 
No. 779 
Percent 
GANCIO US UIPALG 5 edna siciil cawaue ta ddal & ealehbie eaten: &arrseat Oko hayek awn Rea 30.528 
Maen Ese: (SiR PAte ne ci ah cose eles etecice ace esis Sib iene nen teeneyt teem 19.901 
POUCASSIC SUNT ate Ui oan fark SEIN es Gees he ey abit hie, tothe ene apie a av RUR” ee eae 1.878 
SOGIC: SU ITATO SPacpars «. fais © se ahs, aiisye er ere cme conan gus, Otte ite tease Sv arioinae ie gee 23.006 4 
DOUTe “CHVORIGS BFF et ve Ge sud toe ceeatten Memenet ences rauene: encee aie SSPE ey ae eae 12.95) 
SOMIC MMT LAL ST eee case ines She seca alias ies aL oe Vosshre eb Core URE dau OTR Eee ERE 18.307 
INE ETA SINT GS OCUCL’ aes; aiteraiiayie chicane boo eee et eRe tat aL CSN en aS eRe RRC ee Tots 0.267 
SS UITCV CS ACVG Sao & lin wae eware relies 0m aloo y ID levies aise tee ar hater Delaen a OSES RAR ERS ROR 0.162 
100.000 


This analysis indicates the presence of a little more than 13 
tons of sodic nitrate to the acre-foot. : 

There is another orchard immediately to the north and east — 
of this to which my attention was directed in the spring of I91I. — 
Drains were laid in this land in the autumn of 1910 with the idea — 
of washing the soil by heavy irrigation and depending upon the — 
drains to carry off the leachings of the soil with the excessive — 
water which might be added or which might possibly accumulate — 
from other sources. ‘The soil is a sandy loam passing into a clayey © 
loam in places. The water plane, determined by means of a series — 
of wells, was four and a half feet below the surface. Some of the 
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trees at this time, May 1, 1911, were burning quite badly though 
the leaves were not yet fully developed. It is unusual to observe 
this burning of the leaves in any degree so early in the season and 
very much more so to meet with such marked cases of it as these 
trees presented. Unfortunately I do not know how high the water 
plane rose during the season of 1910, but information elicited by 
specific inquiry in regard to this point did not suggest an undue 
amount of water as the cause of the trouble or as the probable source 
of the nitrates. I visited this orchard again on May 30, IgII, at 
which time the destruction of the orchard not only seemed a cer- 
tainty but was already far advanced. The following analyses rep- 
resent the surface soil and the water from a well located near by 
a burning tree. This sample of water was sent by the owner. 


ANALYSES LIV LV 

Water-Soluble Water Residue 

Laboratory Laboratory 

No. 1073 No. 1200 
March 28, 1911 May 12, 1911 
Percent Percent 
Cuilciemenitate.” ioc. teste oven evans 24.275 36.596 
PALClCA CHOTA W. etes ceseel eho et aetna eeee ee ne 8.658 ——— 
NIAC TMIONIONSULATC |. cis 6 nadernet oe aieineheears ties — 2.194 
MEAEMESEC -CHIOLIG dicccseiseirers connotes reise ale 8.577 11.654 
HaOueel Gr CHIOTIG' 0 %e.y a svete erent one cairns 1.951 2.107 
BON GAT DONATE $2 sis Slaves Soave Soeee oat ernie Se 5.040 
OGTCREDIOLI OG). yc ois Yo, 1ore aes oon Ute eee ees 39.187 41.992 
PROT OAT GL LUC oc heb os. otc. ws ey6h sbi e ap oeeh era EASE ee 17.075 Minute trace 
avonsand Aluminic ‘Oxid = ..5. 2. eee 0.088 0.078 
TCU RACs er vari sehes ais: mocsedes ons Sirgen 0.189 SSS 
100.000 100.000 


Sample No. 1073 represents the surface soil, an inch and a 
half or at most two inches deep, taken beneath a tree which was 
already burning. ‘This sample yielded 5.768 percent of salts to 
water, of which a little over 17.00 percent, 17.075, was nitrates, 
giving us 6,500 pounds, three and a quarter tons, of nitrates in 
the top two inches of this soil per acre. Saimple No. 1200 is the 
ground water taken from a well near to another burning tree which 
has since died. ‘This water contained 10,094 p. p. m. of total 
solids, but contained so little nitric acid that five grams of the 
residue gave with hydric and ferrous chlorids only a minute trace 
of nitric oxid. This test, like all of the nitric acid determinations, 
was done in duplicate. It is a striking fact that this ground water 
within four and a half feet of the surface on which an abundance of 
nitrates occur should be so nearly destitute of even a trace of nitric 
acid, but this is the second case; we have already given one case 
in which this is so and we have still another which will indicate 
the same thing. In the case of sample 1201, a drain water, we 
have given even fuller data, showing the presence of 8,489 parts 
of salts per million with only 0.018 p. p. m. of ammonia, 0.00003 
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p. p. m. nitrogen as nitrites and 0.1 p. p. m. of nitrogen as nitrates, 
which could scarcely be possible if the surface salts were washed 
down into this ground water to any extent, and contrariwise all 
of these samples agree in leading us to most extremely improbable 
conclusions if we consider them to be the source of the nitrates. 
While this is not yet an extreme case the results are most striking 
and most evidently false, for if this ground water were the source 
of the nitrates and it were as rich as this drain water we would 
have to assert that 40,122 acre-feet of it had been evaporated to 
dryness on each acre of this orchard which would mean a mass 
of water 7.5 miles deep. This amount of water would deposit 
541,670.6 tons of salt on each acre of which only 3.25 tons, the 
amount now present in the top two inches of this soil, would be 
nitrates, and the time required to effect this, assuming the evap- 
oration to take place from a free water surface at the rate of five 
feet per annum, would be 48,128 years. The facts, on the contrary, 
are that these apple trees grew healthily for ten years or more 
until within the last two or three years which is conclusive proof 
that these nitrates were not present previous to this time, say three 
years ago, in sufficient quantities to do any damage, but withia 
this time the limit of tolerance has been passed and this orchard has 
been destroyed. | 
It.is evident from the results in all the cases of ground waters © 
given that it is not water derived from the surface of the land — 
which has passed through the soil and now forms a sheet of water 
beneath this soil but _probably represents, in large measure, the 
leakage from the irrigating ditches and other similar sources, for 
we have already given samples of such waters as have without any — 
reasonable doubt come from the soil, i. e., passed through the soil — 
of nitrate areas, and they are rich in nitrates. Further, this ground 
water, especially the drain water previously given owes its imme-— 
diate origin to the gravel which underlies the sand, and which, as_ 
elsewhere stated, constitutes the natural drainage of this section. © 
I do not know whether the section where the well ‘is located is — 
underlaid by gravel or not, but the water agrees with the others here- 
given in containing so good as no nitrates. Another point is the 
absence of ammonia and nitrites from this drain water, which can 
only be interpreted as indicating that no reduction of nitrates can 
have taken place in the areas from which this water came. The 
reader is referred to Analysis IX, Colorado Experiment Station 
Bulletin 155, pp. 12 and 13, for the description and composition of 
a water derived from a nitre soil. We cannot extend the considera 
tion of this subject at this time. 


Case No. 16—Orchard No. 3, described in Bulletin 155, pp. 
16-18, has grown worse and many trees, not previously describe: 
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have shown burning to a very serious extent. A little to the east 
of this place is a piece of ground which some one has tried to 
bring under cultivation. The piece of land is not very large and 
lies between two ridges and beside the public road. An open drain 
was run north and south through the center of it, from the north 
end of which another open drain was run parallel to an irrigating 
ditch across the north and northeast end of the east half, to inter- 
cept leakage from the ditch. These ditches were not well cared 
for and their efficiency was greatly reduced owing to the indifference 
of the owner. A large irrigating canal runs on the east side of the 
public road and is six or more feet below it, while this piece of 
land lies on the west side of the road. 

The west half of this land was planted to oats last spring, 
T910. The condition of the field on September 13, is shown in the 
upper figures, Plates III and IV. That of Plate IV shows the oats 
that survived. The photograph conveys a good idea of the size and 
sharp delimitation of the piece, also of the rank growth made by the 
plants, they being well above the waist of a medium sized person. 
The photograph, however, does not convey any idea of the extremely 
dark green color of the plants. The other figure, Plate III, shows the 
condition of the rest of the field, the western portion, and the irrigat- 
ing creases, also that the land was entirely bare, there being only 
a very few Russian thistles that had survived. These photographs 
show in a most excellent manner the brown stained margins on the 
spaces between the creases, even the slight encrusting and puffed 
up condition which is very characteristic of extreme cases of this 
trouble, can be recognized in Plate III. ‘These pictures show 
that the ground immediately back of this, north of it, is higher 
and some of it is uncultivated, while other portions of it support 
old and healthy orchards. ‘The pictures also convey a fairly good 
idea of the length of the field, as the public road runs only a few 
feet, perhaps thirty, this side of the picture. The length may be 
four hundred feet. I did not measure it but I think that it cannot 
be more than this. The north and south ditch runs a little to the 
east of Plate IV, and the irrigating ditch at least six feet 
deeper than the lower end of this field runs within forty or fifty feet 
of its south side. I have already given too many details relative to 
this piece of ground. The growth of the oats on ground which 
is neither higher nor lower, neither wetter nor drier than the rest, 
indicates that it is really not a question of seepage and drainage. 
This ground was not very wet at any time that I have seen it. It 
was wet enough to justify the ditching, and the results have been 
disappointingly small. I interpret this as being in harmony with 
many other observations, that while this land would be considered 
as seeped land the chief difficulty is not the water but the bacterial 
flora of the soil. 
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A sample of the surface soil was taken from that portion of 
the field represented in Plate III immediately in front of the 
person who is actually holding the sample. This sample was 
taken only to a very shallow depth, scarcely more than one inch; it 
yielded to water 8.83 percent after being thoroughly well air-dried. 


ANALYSIS LVI 
Water-Soluble 

Laboratory 

No. 1012 
Percent 
OAICTCAS MIT AUG ts ctaivyclais canis 9 aie What oleeaeunie ce teciee oleiie silhoeree aatea Een See 5.941 
CAR CHE CUI OLTGS go i iaiv. cio asaly eva oa) yc ce cele eat fou ee a reteltal ome te aee poem 26.566 
NABECRERTCTEILOTIG: ye:.c%a Gid-oy ais a ariolsiaie ce MEAN aes ee Hise, eees cok ake pete eh teeta 4.469 
NER OMERIO MINIT ATG. bac os Sycuw\ cya. nse 1, sus cals mtocetapel mecmeltera Cd at we eek asta am a 21.527 
TPOLASSICH LIET ATC.) 5, 408 o's) fave ore 0a “CE aca Petey aa oe ml envi oie att ee eee 4.107 
RO CRC MMU E Trek LEM ace honey Cote Reo Se; sat ene mem We ee TSG Biah ens se, ate eR Oeak eee 37.269 
RSTIBTCE Gee eV LGM ot. oenehs. h. Sgricnacuistels: sp-01sica:ams Bile faa a ip eal eae patron pile cehie be), meemiaee tay Sire iranian 0.121 

100.000 — 


Case No. 17— The trouble in this orchard came to my notice — 
for the first time in July, 1910. Inquiry elicited no satisfactory — 
information relative to the presence of any burning of the leaves — 
during the preceding year. I, however, became fully convinced — 
of one thing, namely, that while it is very probable that the trouble — 
was present in 1909, even to the extent of killing a few trees, it © 
was not so general as it became during the early part of the season — 
of 1910. The location of this orchard is very favorable; the soil 
is of the best quality and the drainage is excellent. The red mesa- 
soil is uniform in appearance and texture for a depth of four and 
a half feet, when it changes to a gravel as shown by a hole dug by — 
a badly burnt tree. The land had been irrigated probably a week 
prior to the date on which I dug this hole and took my samples. 
We found, however, no excess of water in the soil. The irrigating 
water, if it had at any time made a portion of the soil excessively 
wet, had already drained out to such an extent that the soil was’ 
no more than in good condition, even the foot of soil next to the 
gravel was not excessively wet, perhaps between twenty and 
twenty-five percent of its weight being water. This orchard con- 
sisted of a younger and an older part. The burning was in most 
cases very moderate, so moderate that one would be surprised if 
the result should be fatal unless the soil conditions should grow 
worse. <A few trees had already died from this cause, though the 
were other dead trees with girdled crowns to which their death wi: 
probably attributable. There is no question of seepage involved 
this case, but there is a good supply of irrigating water and a sm 
ditch flowing just west of the orchard. ‘The prevalence of tt 
trouble throughout this orchard and the intensity of the burnin 
a few trees were matters of surprise to me. I had known of 
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occurrence of nitrates in very large quantities in this section for 
two years, but this and some others were new and wholly unex- 
pected occurrences. I took two samples of soil, one to a depth of 
three inches, No. 977, the other from the fourth to the fifteenth 
inch inclusive, No. 978. The water-soluble in No. 977 equalled 
2.92, in No. 978, 0.54 percent. 


ANALYSES LVII LVIII 
a Water-Soluble Water-Soluble 
Laboratory Laboratory 

No. 977 No. 978 
Percent Percent 
AP ARCIC HSUPA TOs tors Soy) s (MUSA) tas ald o's 40.376 50.910 
MASMOSI Cu SILT bE...) cscs emer aiebeliad ate lstares cus, 6 22.470 15.972 
HTOUASSICIBUILALC, a .-ordey he oeereneee ate eerie ee 3.686 8.639 
MOUS LALG's (3.5... ncaueteamanereecten post aia cov 3.606 16.814 
MOGIC Pe ellOTIG §|:./2\ sarcnpaesemiasetem veta lent) odes 23.930 6.039 
BOCUGEMINCTOUCG 2° 0.25 ake can mer eames oe 4.902 Trace 
irom and VALWAIMINIG ORIG: smite We ass ccte es 0.196 0.288 
BSUEL@UG SUELOTUL s bata cin epese nhs cote costae ietahe. a oteke 0.834 1.338 
100.000 100.000 


Sample No. 977 gives us 65.5 pounds of nitrates available to 
each such tree as this, assuming that the roots occupy a circle 3f 
ground forty feet in diameter and that the whole of the nitrates in 
the top three inches, is by any means brought within the feeding 
area of the roots. 

As I have elsewhere stated I do not know how small a quantity 
of nitrates will suffice to produce a burning of the leaves. The 
tree in question was burned, but scarcely enough to produce serious 
injury. Our observations would have to be continued into, if not 
through, the season of 1911 to form any reliable judgment in. 
regard to this point. 

This land is so located that it is difficult to believe that these 
nitrates could have been washed from any adjoining lands, and if 
they were brought to the surface by capillary attraction they must 
have existed in the soil itself, but our analysis of the soil taken 
from the fourth to the fifteenth inch inclusive shows only a trace 
of nitrates in the aqueous extract. It is also out of the question 
to think that the irrigating water, snow water, might contain 
enough nitrate to permit of such a concentration as we find even in 
this case. These points are mentioned in this connection because in 
many cases the conditions legitimately admit the question of trans- 
portation from higher lands either by seepage or washing. That 
is, they could fairly be raised whether they actually apply or not. A 
case in point, i. e., Case 8, has been presented in considerable detail 
to enable the reader to judge for himself whether washings from 
' the higher lands or the seepage from them could possibly account 
for the nitrates occurring in the land described. ‘The presentation 
of the analyses given is itself a proof that I have most seriously 
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considered these possibilities, but I have failed to see how these 
theories of accounting for the presence of nitrates, never before 
met with in arable soils in such quantities and over such large 
areas, so far as I know, apply to these cases and especially to Case 
8, which, as is stated in the presentation of it, is of all the cases 
discussed probably the one most favorable for the application of 
these usual explanations. 


This is by no means the only instance of the occurrence of 
nitrates in this immediate neighborhood but it is the best example 
of the general effects of the nitrates in ground that we would 
usually consider almost entirely free from any objection that I can 
recall. There are very much more severe cases of this trouble in 
the-:neighborhood but the land is not so well located for orchard 
culture. One of the most striking cases in point was a five-or 
eight-acre orchard planted on ground that sloped toward a slight 
depression. A deep drain ran at the base of the slope and two lines 
of underdrain, six feet deep, extended up into the orchard. We 
dug a hole three and a half feet deep at a point which I thought 
a favorable one to find water but I found none. At three and a 
half feet we encountered a stratum of marl and below this there is, 
as shown by the ditch and drains referred to, a coarse gravel with 
some marl. ‘The surface of this ground was very brown and 
mealy. The trees on July 18, 1910, were burning very badly 
and many of them were already dead. ‘The owner stated that they 
began to die during the season of 1909, but I did not learn whether 
the trouble began in the spring or summer. 

A number of other instances of trees similarly located could 
be mentioned. In some section of our orchard districts it is diffi- 
cult to find an orchard which does not show more or less of the 
trouble at some time during the season. ‘The trees that are at all 
seriously affected seem to have no recuperative power. 


Case No. 18— This case, like several others, presents more 
than an orchard, but as an orchard is actually involved I have 
retained the designation. ‘This is quite fully justified not only 
because a part of the land is set to apple trees but also because they 
present a marked case of this trouble. The case is an involved 
one; in part of the land there is an excess of water, in other 
portions the soil is shallow, a stratum of marl coming near to the 
surface, but in other portions the conditions are good, or fairly © 
so. It is exclusively of the better part of the orchard that I shall | 
write. The trees were twelve years old the first time that I saw 
them, now going on three years ago, and so far as I have been ~ 
able to learn they had not at that time shown any of this trouble, — 
though I took a sample of soil on my first visit to the orchard in | 
order to test it for nitric acid. This sample contained 2.126 percent — 


PLATE III.—See pages 45, 62 and 63. 
No. lis the upper figure 


PLATE Iv.—See pages 45, 63 and 67. 
No. 1 is the upper figure 
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soluble in water and reacted strongly for nitric acid. ‘The reaction 
depended on in all cases is that with ferrous sulfate and sulfuric 
acid. If a few grams of soil, from 10 to 25, will not give with 20 
to 30 cc. of water, a solution which will give a decided reaction 
with these reagents it scarcely belongs to the class of soils, with 
which we are concerned. The owner put in a short drain to protect 
a portion of his orchard which he feared might be suffering on 
account of excessive water. This drain never collected much 
water, and was entirely dry on my next visit. The trees in this 
part of the orchard were at this time, July 23, 1910, burning badly. 

We had in this orchard an excellent opportunity to compare 
the nitre burning with spray burning. The two differ in the point 
of attack, the nitre beginning at the apex and the margins of the 
leaf and very rarely, if ever, on the inner parts of the blade, and 
the color is lighter. 

This is a piece of sloping ground and is at the base of a hill. 
There is no irrigation above it that I can recall. A little to the 
south and west of this orchard on the roadside is one of the most 
remarkable spots of this character that I have met with, not except- 
ing the first one that I recognized and which is represented by 
Analysis No. 1, Bulletin 155, page 7. 

These spots, for there are a number of them, are scarcely worse 
than some of the land in the orchard where the trees were burning 
very badly. This soil is actually kept moist by the deliquescent 
nature of the salts formed. A sample from such a spot in the 
orchard gave 12.10 percent soluble in water and the notes state 
that this residue had to be dried at 110° in the air-bath for 12 
hours. Another sample gave 12.560 percent soluble in water, and 
this extract bears a special label “had to dry at 115° for 20 hours 
to get dry enough to put into the bottle.” Iam giving these details 
perhaps ad nauseum, but | find that they appear so strange to per- 
sons who have never met with such facts themselves as to seem 
wholly incredible. The analyses of these samples may be their own 
witnesses. 
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ANALYSES LIX LX LXI LXII 
Water-Soluble Water-Soluble Water-Soluble Water-Soluble 
Laboratory Laboratory Laboratory. Laboratory 
No. 791 No. 823 No. 7 No. 828 
May 10,1909 July 23,1909 May 10, 1909 
Percent Percent Percent Percent 
CalCic VSulfate) «jaieca sepa veya. 55.242 21.249 14.495 4.401 
WBICICT CHIGIIG Wrens cus leles sist 6 ——_ oo 47.523 28.313 
Magnesic sulfate ......... 15.021 14.253 —_—— —— 
Magnesic chlorid ......... 11.883 ae 4.363 18.801 
Magnesic nitrate ......... 10.792 0.491 
IPOtASSIGHBUITALe) s) a5 6 0 eile oy oe —_—— 1.606 — —_— 
OUANSEC GHIOTIG) |. pustnrehemena tle 3.005 —-- 2.114 a 
POtapetGrtELe len sraiemtsrata cele 10.001 a —-- 2.711 
MODLOV SUT ATOR esi ytervne feoote wie ae 35.798 —- —_—— 
MOULGECOIOPIG sities te she le ete lat ts —-— 10.607 
POMS MUP AES Kiitiie. onkeln poceliacer 2 4.273 16.395 20.585 45.283 
Iron and Aluminic oxid.... 0.139 
STU CUOMACEG Wea) se ca: wi x cae cellu alts 0.436 0.092 0.128 a 


100.000 100.000 100.000 100.000 


ANALYSIS LXIII 
Soil 

Laboratory 

No. 791* 
May 10, 1909 

Percent 

SAU arch h Leseie aohas dota eeeieee sc wa corte Pett ayoiipes aie nee hanaeet Guniieasccharante lenecemetn 67.910 
NSUTIC A) MCSON)) ios, cha sd watarinliel ee tra) s- oss vane Ge te eee neke Nestea pies AL Ore cite Ree a eta see ae 3.280 
SPAT O eaCLG ies athe lee nay oh res'e: wid, srs fo dpe ceetametmteicare teehee all oren eenan eriel enatieaeae 0.760 
AS HUTO PANDY oie so as saya aes reel lasts rm eicg Gyan ae Lobel ea alee ators Rovlescauetee tay ore Ra Oy 0.200 
PHOSPHOTIG) SACHA cee a rele. oe, sro lure aie tee ieee roe ERT oh ghee Gal ahead ates eae 0.170 
Carbone Gael ds Vavera a cues.c ie si wick ape) spam etelarie fel tune hieieliel yea cheers Leb cmamen ale 2.640 
ASLAN Oi SS ee!) Sule eug weed Wires vcite ls ee ara te cudeeia ne cavtelonne eye ee tare nee coe heb aualicue mame 4.250 
SU If Veal a cysh it: Veen ea Aso RST ae rE COS Cem rabicn cbrece re Seu MA GC fica" S 2.060 
SOCUGC DORIC 48 tiraeener ahs) 0b zoeu veleabeletrekerecat nea prehianereccletticapdietsicelshia neas Une 0.530 
FP OUVASSIC MOR tometer iuene: aio mtr lnieted tamensaa te Pee alate ag ebattha: ol ete tiala np taemeiente 0.880 
SMT GS 5. ORG rearara, lbaprarcassylve doves oh iia/iei at aitariatea lastevel aia: otiarleniaze pak ce tteraees tale eeayes Penis 3.900 
ATUMINICS OXIA yeah cesses o's He esa RA eh AAO OE ead heen c 4.400 
Man Sand Cr /ORVA rr DE) 5 +e a kr aaces oy cua nats bade ts allan amir sousaneneence Pekar emeEee 0.280 
MOISEIVO  eALOC Mies cca te cu el hy trarsulclte! seein: bmomattOetleds’ Me tae Heat) ORC Hege et amen SfOL0 
MEM TERM rsa ee soe aera este sav ies eisai Aue wipe eereliet ec DFW ER alfa SES Usa ol Sheet SeGae eee Rem 5.640 
S100 10 ae RET AL a CN Ie rR ee eR sc <a Aenea 100.410 
OLVE SN OQUIV, vit OCU LOLI  isragatei bore sala leer she natis ayes wash sie Meio alas ne etal metae cell 0.050 
MOL aut at heveatet vate cavies Gia rkem iahay sin cheaeate teinea dnliel tha-a uairedel br Aiistic inch We oneeanin 100.860 
TU TENULSs hs chet, sure heses lee Mcsode h oe Sweae wR epe at eee: wHTOTA GLO LGDT ne oAOT SRN alls sales Rene Me 0.3880 
ANPING,» ARTS coe dlecor as cuaha w-adek ee pecanieliar kro rateron «pein ach ales tle tees Roney cr ae Re mee 0.382 


This is an extremely interesting instance of the occurrence of 
nitrates. ‘The ground slopes toward a meadow, a part of which has 
been converted into a reservoir but the land is decidedly higher 
than the meadow, as it is on the lower slope of a hill. The field © 
along the roadside where one of these spots occurs was in alfalfa; 
the land was good, and the alfalfa healthy, so that one seems 


*The depth to which this sample was taken is not stated. It was : 
probably about three, certainly not more than four, inches. 
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justified in assuming that no considerable rise in the water table 
has taken place for a number of years, and further that it is 
reasonably low. 

The ordinary soil analysis shows nothing which we might 
interpret as indicative of any deficiency or trouble. 


Case No. 19—While this number is used to designate a 
specific locality, it will embrace a number of minor occurrences 
within a stretch of country about five miles long, lying approxi- 
mately one hundred and fifty feet above the river bottom. Portions 
of this mesa are seeped and a drainage system has been put in, 
with what results I am not able to state, but it is claimed that it 
has been of benefit. 

This section was scarcely more than referred to in Bulletin 
155, as only two analyses, one of an alkali, Laboratory No. 595, 
and the other of the water-soluble portion of a soil, Laboratory 
No. 588, were given with a very meagre statement of the condi- 
tions. ‘These samples were taken in 1907. It is true that attempts 
have been made to drain the land since that time, and the water 
conditions have doubtlessly been ameliorated, but this nitrate con- 
dition has, in my judgment, become more intense, for in 1909 
and 1910 there were many patches of nitrates which could not 
escape the attention of anyone, and which were not present in 1907; 
besides, the analyses of samples taken in 1907 are by no means 
so rich in nitric acid as the samples gathered in 1909 and rgto. 

There are many points in regard to which my information 
is not satisfactory, for instance, it is almost impossible, at this 
time, to obtain reliable data relative to conditions only a few years 
ago. ‘The properties have changed hands and the present owners 
will very often make positive statements about conditions which 
cannot be substantiated. ‘The fact is that they are so averse 1o 
acknowledging ignorance of these things that they prefer to give 
you such statements as it pleases them to make. ‘The owner of 
the land which is, perhaps, becoming worse each succeeding year 
does not like to rehearse his misfortunes, especially if he suspects 
that you may be a prospective buyer of his or other property in 
the neighborhood. Many of them feel that it is disloyalty to their 
community to acknowledge patent facts. This trait, in their judg- 
ment, and in that of many others, may be wholly praiseworthy, 
but it hinders greatly in a study of this sort in which one has, in 
a measure, to depend upon the testimony of the residents for mariy 
facts in the recent history of a section. ‘That there was a period 
of greater prosperity for this section is attested by the remnants 
of orchards, fields which a few years ago were productive, aban- 
doned houses now falling into decay, etc. ‘These witnesses to the 
very poor judgment of former occupants or to a period of better 
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conditions, are usually dependable, but we must determine which 
of the two it is. 

I believe that there is no doubt but that the settlers of this 
section suffered many disappointments and that while events showed 
that they misjudged the difficulties, they had at the time no way 
of recognizing these difficulties, or of knowing how serious they 
were. In portions of this section the water plane in 1889 was, 
according to the information that I have been able to obtain, twelve 
feet below the surface. In October, 1907, I found it four feet 
below the surface. How much it had been recently affected by the 
irrigation of neighboring lands I do not know. Here is a difference 
of eight feet in the height of the water plane, and why this water 
did not drain out was not apparent. In 1907 a very considerable 
area of this land was seeped and there was some nitrate present but 
not enough to become an easily recognized feature. Drainage has 
since that date been introduced on a considerable scale and in 1909 
and 1910 nitre spots were recognizable in many places. I wish at 
the present time simply to record the sequence of facts. I will 
first consider a piece of land, a part of which had been planted to 
barley and a part to oats. The whole piece measured several acres. 
Both the barley and oats had been creased for irrigation after sow- 
ing. In very many places there were no oat or barley plants between 
the creases. ‘The seed had never come up, or the young plants had 
been killed. There were abundant indications that the latter had 
been the case, whether the former had been or not, but from my 
observations on other areas I have no doubt but that it, too, was 
the case here, i. e., that much of the seed did not come up. The 
plants were confined to the sides of the creases just above the edge 
of the water. ‘The bottom of the crease or furrow was, of course, 
free from plants, and the crown between the creases was brown 
and barren and extremely mealy. 

The question of where the water which had raised the water 
table in the years between 1889 and 1907, eight feet, came from is 
appropos. So far as I know this rise was wholly due to the irri- 
gation of these lands, in other words, this section does not receive 
the drainage from other lands higher than it. 

I did not attempt to take a sample of this soil, only one of 
the mealy surface portion. The sample, 981, was taken with an 
irrigating shovel and I probably took some of the soil as deep as 
two inches. This sample as taken contained 28.44 percent of its 
weight, air-dried, which was soluble in water. It is no wonder 
that the oats and barley died. This is so great an excess of salts 
that one is tempted to ask whether sodic sulfate or any other rela- 
tively innocuous salt would not have sufficed to account for the 
conditions presented. I will record the facts as I find them, here 
as elsewhere, without regard to the question of whether they appear 
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to be in harmony with my views or not. The quantity of soluble 
salts in this surface, mealy soil is exceptionally high and contains 
an unusually large amount of organic matter for our samples. In 
judging this amount and the effects of the salts in this sample it 
must be borne in mind that it was taken to represent the surface 
portion only and the fact that I possibly got some portion of the 
sample at a depth of two inches was an accident due to the fact that 
I took it with a round-pointed shovel. The great bulk of the 
sample was made up of the mealy, almost dry, surface portion. 
This did not form an incrustation of effloresced salts, as we often 
find where the common white alkali prevails. Professor Sackett 
tells me that the soil extract made from the surface sample which 
he took failed to develop azotobacter in his culture medium. They 
had probably been killed as well as the other plants due to the con- 
centration of the salts. This is not the only sample in which this 
has been found to be the case. In the case of Orchard No. 2, Bul- 
letin 155, pages 13 to 17, we found this to be true. Samples from 
the surface of excessively bad portions gave no development of 
azotobacter, whereas samples from below the surface or at or 
near the edge of the bad territory gave a very abundant develop- 
ment. It is therefore, quite what might be expected, i. e., to find 
this ground, so extremely rich in soluble salts, devoidof azotobacter. 

The following samples are from the same section of country 
but not from the same place. No. 590 and 595 are from the same 
place but 981 is from another, a mile or possibly more north of it. 
I used the term spots in describing these occurrences in Bulletin 
155 and again spoke of the nitrates occurring in almost continuous 
but irregular areas, but have not deemed it necessary to give 
analyses of alkalis and soils outside of these areas except in Case 
8, as the amount of the nitrates are so unusual that I have deemed 
it unnecessary. Samples 590 and 595 are from the same piece of 
land and taken not far from each other on the same date. They 
were both originally taken as samples of alkalis, as we were study- 
ing, at that time, the effects of alkalis and the maximum amount 
of them compatible with good crops, ete. 

The water-soluble equalled in 590, 7.57, in 595, 33.33 and in 
981, 28.44 percent. Samples 590 and 595 were collected in 1907 
and 981 in 1910. 
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ANALYSES LXIV LXV LXVI 
Water-Soluble Water-Soluble Water-Soluble 
Laboratory Laboratory Laboratory 
No. 590 No. 595 No. 981 
Percent Percent Percent 
CalciGEBiTltake: yl sttorsikels elon o 19.561 9.102 3.651 
Marnesic) swilfater ii: sisi. osu ce 11.236 8.076 3.558 
OaSsie? BIITALE Mv Pree tenses 1.039 1.034 
SOCUCS SUI ATG “Maree eset evs jecariceo nave s 52.457 56.254 70.746 
SOCIG SendOridian. Soe ike sites tele 10.827 22.609 16.109 
SOGICHTIELALC csi. savvenctalate clove Trace 2.771 4.854 
MOUIC) UBIILCATG Siac. Un anodes eters 0.247 0.308 
PUG GP AGI. Ms ph ccaitiies oe Ruins a eherel 0.048 
EROS pe Peicte Seon ais, Sakae caste nea Rene (4.633) 0.880 —_— 
100.000 100.000 100.000 


Another sample of soil, 826, taken about one mile and a half 
south of No. 981, and a year previous, is interesting because the 
occurrence was a new one at the time. It was on the face of a 
low bank where they had plowed and scraped out dirt in working 
the road. I am quite familiar with this road as it is a section in 
which I have observed the alkali question for going on five years, 
and I feel quite safe in making the statement that the occurrence 
was one which had appeared there within a few months, certainly 
within a single season. I do not know how deep the water table 
was at this place but the land was so high that seepage would not 
ordinarily be thought of; in this case, however, the presence of so 
large an amount of soluble salts, 16.30 percent, will appear to some 
as indicative of a seeped conditon. In this connection I repeat 
again the observation that I have not yet found this condition in 
places where the water table is near the surface of the ground, 
especially if it is permanently near the surface, but in such places 
as have an abundant, but not an excessive, water supply. I do not 
pretend to know all the conditions which are necessary to determine 
the development of these nitrates, but that water is one of the 
conditions is very evident. For in ground that is in good condition, 
with which, ordinarily speaking, no fault can justly be found they, 
the azotobacter, will develop along the margins of irrigating fur- 
rows; again, they are apt to develop near a ditch, even on level 
ground, and are especially liable to appear on the outside of a 
ditch bank where the apparently flourish. 

Under the caption of Case No. 8, I have given, it appears 
to me, conclusive proof that neither the alkali, nor the soil, nor 
yet the ground water contained any nitrates, still the outside of a 
ditch bank running beside this land, practically: running through 
it, is almost or quite black in color, which color is continuous for 
considerable distances, and the surface soil is decidedly rich in 
nitrates. ‘This color is not due to the wetness of the soil, nor to 


the alkalis, including calcic and sodic chlorid, in the usual use of 


THE FIrxaTIon oF NITROGEN. 55 


this term but to the presence of azotobacter and nitrates which 
do not come from the adjacent land or the ground water, nor’ from 
the water that flows in the ditch, but are developed in the soil, and 
the controlling factor in this case is the constant and abundant 
supply of moisture. ‘To some the facts given may not be fully 
convincing that the nitrates are formed im situ—to me they are, 
but we will give, in the proper place, further proof that this is so. 
This is true, too, of the sample which we are discussing; the 
ground is not seeped but there is a ditch perhaps ten feet away 
which probably furnishes the necessary moisture. I do not know 
why this had not developed in this place prior to 1909, but it was 
there in 1909 and I had not seen it there before. ‘This and the 
next following samples were taken during a shower and I have 
made no notes of how the samples were taken. They may have 
been, and probably were, shoveled up hastily as it was not a good 
time for making notes. ‘The samples were taken to learn the 
character of these surface salts. ‘This accounts for the high con- 
tent in water-soluble which amounts in No. 826 to 16.30 percent, 
and in No. 822 to 32.07 percent. The latter sample, No. 822, was 
taken a mile or more south of sample No. 826 and near to the 
edge of an alfalfa field which was in good condition at the time, and 
so far as I know is at this time. ‘There was, however, a depression 
immediately south of this which is, at times, filled with water. 


ANALYSES LXVII LXVIII 
Water-Soluble Water-Soluble 

Laboratory Laboratory 

No. 826 No. 822 

Percent Percent 

GaT Cie WS WILAL Steere: rise eee Wa EL ka ital hat ack > 16.044 7.973 
Waenesic: Sulfate). 72k. peti oe He 8.411 iil 
Botassic sultates trae asriem nd ieee Movers el Oat 0.999 
BOGIG MSU LEa te Ne re cas acy ee Pate e ANTE ihe 49.623 73.105 
DOMIG CHLOTIG | facet Me, see aM es ets hte 22.345 9.074 
Socdiermnitrate <3. lage ae sheen sy area 2.394 0.839 
Trone and: A luminic Oxides. main aloe eee. 0.040 
SON CACOMACIG | a) vier anepa nett teE meen aa D EN ayes 0.109 0.059 
100.000 100.000 


The territory from which the last five samples were gathered 
is above the shales which were described and analyses of which were 
given in Bulletin 155 pp. 28 and 29, Laboratory No. 645, and 
while this locality is not the one referred to in explaining the 
occurrence of nitrates in certain waters and in the shales themselves 
in which I state, ‘The occurrence of nitrates in the waters and 
apparently in the shales is susceptible of an easy explanation, i. e., 
the nitre spots which are only exaggerated instances of a general 
condition, occur in lands above the shales,” it exemplifies the con- 
dition described in a most satisfactory manner. tag 

The following analyses of a soil and its aqueous extract will 
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help to give a fuller view of the general state of affairs in this 
sectidn. The soil was, of course, strongly impregnated with alkali, 
and judging from the age of the orchard that occupied it, had 
been under cultivation for a number of years, not less than fifteen, 
and probably more than twenty. The water-soluble equalled 6.65 
percent of the air-dried soil. 


ANALYSIS LXIX 
Soil 

Laboratory 

No. 588 

Percent 

SO UIUC se retnty ie. warys: sh availa Octavia har a citre eae ohene Maa tebayencn GReumin oes ea mute ste 42.745 
OUBLGUG CACO MC SOM Jira, 2c yn eee Soe fone ea uee ae Ratoreee ARCMC Ine ue vote ir ae ne 26.526 
POUT LC PLGOMEL s Crepes 6: S vores aieeh ot aces Koved vice eae Gee eae oe OO eV eceRa poh oh shen anat SaaS 3.187 
(COMICS a Wath = Cg a Nae a ese ne eR Es HU See be arte ee Aor A nec 1.799 
ATOSP IO RIC VACA ('kiy Sia 5 aoa siaeaee eal Wield emenatn a ae Rite obeale ame b eT ea (ae Ue ba 
SO AD OMILC RL CLM ay cael Sa he x. citar gceile mee aout ettaade ae toe vies + elbl eMce Rane ea ety amis 1.345 
BONNY wee ett p onan p ceics' 61s, \oco na: a 3: ai st timaa pened Sa Aiee Peed ae pal emote mancetn rah aMfor'ata tet eonsie 3.634 
VIET EMUGS IE Ace hy? cic doping coat ties Sie tere Noi ae Taree GP aIANE. Stee ae chon aria Tova lval Sannin 2.032 
SO CUCU MOR Swi a isiciiel SLaueeie cau ataioe co. #5 SERENA On uae wae a pe Meer ons 4.020 
OPA SSI Ci OLE Mi cs co5,x-, 6. ectah ce Bebe us oko ucts 5s nema aRle money REE SRN GL bipeca) ane ceeetis Be ea 
JOST Gie PODS i Iie aM Ma ee SLA ny A 7 Sy A me ei bE AO a ar REMAN Eon ree ic 3.792 
PADD ITE RINT 9m OXUOLD, ai inc, hrelian la aaealteL © ves «NUMA NOMS Rae ee he tre onl Gale dene de ae MORRIS 5.483 
Miso anid CROXT Cr: CW)! Acai ear sien cated heme ales are Reet eke ena) Seaman 0.113 

MESTOUD TO coece is elise ars ais OvelaRRan 2, MER ee cared Shae alrey see voce ae wees acer (4.428) 
SHS: oat De NTe Re Rr elene hier NORMS ares Mra PLC Prk eee RC ae ele Geh G: 100.406 
Oxyeenmeduiv, -0O. ChlORT slo cos ss coach se eal epee ie oa nor ayant ons oe enome cs 0.406 
BDC TeN Ip s -,aulcr ccc acis Mitw ona Ccletscna ah aie wera saee Meanie pice teltexe Basha oeagaewet tears 100.000 
ANALYSIS LXX 
Water- 

Soluble 

Laboratory 

No. 588 

Percent 

RE ANCHC SVU TAS pe ane gea sh deve) wish eas wala a raaawaupiaeuetacer ous) els Gl ak shian © fai cayeiclinl pee aeons 22.550 

RE WESC NSM LAGE or Nice calidon Jano, tile Sueleeunire ut ce rethesaws cacy UCAS: eeu) eE a acre 7.381 
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POMS cASUL NETO te real tiie tat tha va wh, ce icre sR RRO awe Hae, Sica esi oiag cia | MCCS 36.168 

SOA CHONG? ce) sch ay sieeve, sits, Siaal ah eas) cele: Rulecal alte aura otras oe mae Ne re ies 24.884 

SCOUTS MINDEN Cs Gere Nuc hen trav uews, syicle. oWirian aha (stan! i ctleme nas Set snirt ean uae Meme Rae Lt 6.297 

Hood ies ren ar: esis Dias seers cea h cnr: ames Oicuriey 8 AMER Altra Aho Nery on a Sie tgh ach seer os 0.252 

100.000 


It is difficult to see how the drain waters from such a section, 
abounding as this has during the past year in such spots, can fail 
to be comparatively rich in nitrates. Analyses of two drain waters, 
and two seepage water were given in Bulletin 155. The two 
seepage waters were from the base of another mesa, but in this 
general section of country; the two drain waters were from an 
entirely different section of the country but one where similar 
conditions prevailed. We are justified by these facts in assuming 


PLATE V.—See pages 62 and 68. 
No. 1 is the upper figure 
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that the seepage and drain water from this area contain nitrates 
enough to account for all the nitrates which we found in the shales 
which actually underlie this mesa. 


Case No. 20— On page 19, Bulletin 155, I gave a very brief 
description of the conditions obtaining in the field where our Labor- 
atory No. 680 was collected. I mention it again merely to give 
the salient features of its condition in 1910, a little over two years 
after that sample was taken. ‘The land was described as having 
been an oat field in 1907; the surface was stated to be puffed up and 
mealy. A sample taken to a depth of two inches yielded 5.42 
percent of water-soluble salts salts which contained nitric acid 
equivalent to 21.719 percent of sodic nitrate. This land was in 
very bad condition in 1909 and barren in 1910, Of the original 
25 acres more than 15 acres (estimated) has been rendered value- 
less by the combined effects of the seepage and nitrates. What the 
seepage has not ruined the nitre has, with the exception of possibly 
ten acres or less. The following four samples were gathered in 
September, 1909. No. 837 was gathered from a portion of the 
field where the water had probably done no damage, but where 
there was much white alkali. The water-soluble equalled 12.96 
percent of the air-dried sample. My field notes mention the fact 
that the brown spots appear on the outer or upper edge of the white 
alkali. This is a sample of such material as occurs in these mixed 
spots. No. 839 is a soil sample taken from beneath a brown spot 
after the surface portion had been removed. ‘The sample repre- 
sents six inches of soil, five to ten inches inclusive. ‘The water- 
soluble equalled 12.67 percent. Nos. 841 and 842 are samples of 
the “black alkali” from different places in the field. The water- 
soluble equalled 10.30 and 10.40 percent respectively. ‘This land, 
where these samples were taken, was still in pretty good condition 
in February, 1908, but in September, 1909, the land was already 
in bad condition, and in July, 1910 I have entered the note that 
this land was ruined. ‘There still remained from five to seven 
acres of winter wheat which was very fine indeed. No samples 
were taken in July, 1910, because a very heavy rain had fallen only 
a few hours before my visit. 
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) 
ANALYSES LXXI LXXII LXXIII LXXIV 
Water-Soluble Water-Soluble Water-Soluble Water-Soluble 
Laboratory Laboratory Laboratory Laboratory 
No. 837 No. 839 No. 841 No. 842 
Sept. 22,1909 Sept. 22,1909 Sept. 22, 1909 Sept. 22, 1909 
Percent Percent Percent Percent 
Caleie= sultatendsn st 25.2 cas 1.086 41.538 12.503 8.719 
Caleie  Chlorid 35s. tata = > —_——— 8,679 23.624 28.047 
Magnesic sulfate ........ 20.124 — — SS 
Magnesic chlorid ........ ee 9.802 B0655 2.952 
Magnesic nitrate ......... eee nr 20.699 20.522 
POtasBICISUITate: L)ki5 cee ans 1.404 eed 
POtAsiCeCnlOridyr:, sue.cieaie 6 —-— 2.369 ——_— SS 
Potassic: AMItrate, <j cns sat bee —_— ee 4.899 4.021 
DOGIC. SUIPATE Ie chen wscee oe 14.854 a ———— a ad 
Hbodicvenlorid 6. sc whenee 26.067 1.589 —- ae 
SOGIC -DITPATS ie. aes sive ev 36.078 40.258 33.820 355077 
Iron and Aluminic oxid.... 0.285 0.452 0.823 0.247 
SUGICHACLGI a itenace sie ateee 0.102 0.3817 0.397 0.415 


100.000 100.000 100.000 100.000 


The location of this land is such that we cannot account for 
the presence of the large amount of nitrates by supposing them to 
have been brought into the area by surface waters and scarcely by 
underground flows. ‘The seepage in this case is probably largely due ~ 
to leakage from an irrigating ditch and in some measure to the 
excessive use of water by a neighbor, but the acreage from which 
such water might come is too small to account for the conditions 
as we find them. ‘This land, like the most of our lands, contains 
the so-called alkalis. 


Case No. 21— This is the same as No. 4 given in Bulletin 
155, page 18. The reason for mentioning it is that it presents 
conditions which contrast quite strongly with the last instances— 
given under the captions of Nos. 19 and 20. This piece of ground 
has been so dry every time that I have visited it, that it has seemed 
impossible that the nitrates should develop if I am correct that — 
there is a minimum quantity of water necessary for its most rapid 
development, and that this minimum is rather high. Without hay- 
ing made any experiments to determine this amount I would judge 
it, according to my observations, to be above 18 percent of the 
weight of the soil. ‘The bacteria can, without doubt, survive long” 
and pretty thorough drying, and if a favorable degree of moisture 
be supplied at any time they are ready to develop. Whether they 
be able to endure greater changes in conditions than other kinds 
of bacteria or not is a question that I know nothing about, but 
unless I am greatly in error in the whole matter, the conditions i 1 
the present case become of considerable interest in this discussion. 
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done, that there is no nitre problem independent of seepage even 
though I have,.perhaps, gone almost to a ludicrous extent in 
digging holes and giving the depth of the water table, the character 
of the soil and the drainage conditions to show that the death of 
the trees and other vegetation had not been brought about by an 
excess of water per se, and I have further given analytical data, as 
it seems to me in superabundance, to show that it is not due to an 
excessive amount of other salts which we think may be injurious. 

I shall deal with this latter subject more fully in another bul- 
letin, wherein I shall try to set forth more facts in detail which 
pertain to the effects of the presence of excessive water, large 
quantities of alkalis, and the presence of nitre—for the time being 
it will suffice for the fair-minded to consider that in the most 
disastrous cases—and I use this adjective advisedly, granting the 
reader the privilege of reading into it as much pessimism and 
prophecy as he may desire—that I have described; have been on 
land which has been set to orchards for from twelve to twenty- 
eight years, well drained and otherwise well cared for, in some 
cases it has been excessively irrigated to combat this very trouble, 
which shows that in some cases the natural conditions and the 
intelligent efforts of men have combined to prevent the accumula- 
tion of either water or salts leached from adjacent lands, which 
we have furthermore shown do not contain nitrates, and yet we have 
recorded the utter destruction of a twenty-seven or twenty-eight- 
year-old orchard in the short period of six weeks. If this were the 
only destruction wrought I would not at all be justified in using 
the language that I have used, or even in presenting the subject, 
except from its purely scientific side, but it is not a thing which 
has happened in one piece of land, nor in twenty pieces of land, but 
in very many pieces scattered over hundreds of square miles—not 
in patches of a few square feet but in large areas which, though 
irregular in contour are practically continuous for five, ten or even 
more miles. While the scientific features of the problem are of 
primary interest to me and the most of my readers, the magnitude 
of the land values involved and the questions of the future add 
reality and an importance to this question which the public has 
failed to recognize, or recognizing fear to acknowledge. ‘There 
is a saying the ‘Fools rush in where angels fear to tread.” Per- 
haps I have done this. Neither my folly nor courage alters the 
fact that the damage already wrought is immense, and I have 
elsewhere stated that unless something intervenes—what it may 
be we cannot forsee—the situation is serious. This is the practical 
side of the question. 

The conditions obtaining in this case are the justification for 
presenting it as they emphasize the distinctness of this question 
from those of seepage and alkali. The land is on a hillside with a 
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south and southwest aspect. Six years or more ago water was 
stored in a reservoir in the northeast corner of the field. My 
information is that this reservoir was used for about four years 
but has not been used within the past six years. The field was in 
alfalfa four years ago. It was broken up and in 1908, set to apple 
trees. The area is, I think, 20 acres, possibly more. About four 
acres of the trees died. ‘This land was reset in the spring of 1909. 
So good as none of the new trees lived. By midsummer of 1909 
the area of dead trees had extended to twice its original size. In 
1910 there are from twelve to fifteen acres on which but few trees 
are living. 

Plate VI, lower Fig., a photograph taken Oct. 29, 1910, shows 
how large a portion of this field is wholly barren, not even Russian 
thistles or other weeds being able to grow on it. The rows that 
show in the plate are furrows between the rows of corn planted 
this season but which did not grow. That the land has been irri- 
gated this season and the last time, at least, with a good flow of 
water is evidenced by the washing of the soil in the bottom of the 
furrows. Aside from this one piece of evidence most observers of 
this crop and the trees would raise the question whether the land 
had not suffered from neglect at the hands of the manager and for 
the want of water. I did not attempt to determine the depth of 
the watre table in this case as there is a deep wash at the west 
side of this hill not more than a few feet from the corner of this 
field, and there is, at this place, no water coming in above the 
bed of the wash. This land is underlaid by a shale at varying 
depths in different parts of the field. The trouble in this case began 
prior to 1907, as I was informed, somewhere about the middle 
of the land shown in the foreground of the plate. I took a sample 
of the surface soil in March, 1909, and another October 29, 1910, 
from almost the same place in the field. The former was taken to 
a depth of two inches, and the latter to a depth of four inches. 

The analyses of the water-soluble portion of the two samples — 
follow: 


ANALYSES LXXV LXXVI 
Water-Soluble Water-Soluble — 

Laboratory Laboratory 
No. 759 No. 1026 | 
Percent Percent — 
Walcic i Stultalt Ginette stems aera eta 18.986 26.940 © 
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The water-soluble in No. 759 amounted to 8.23 percent of the 
air-dried mass; that in No. 1026 to 5.277 percent. ‘These samples 
were taken nineteen months apart. The difference in the depths 
to which the samples were taken is unfortunate as the reader will 
be apt to overlook this in comparing them. I found No. 1026 en- 
tirely free from chlorin after the third washing, but the sample 
was rich in calcic sulfate and some difficulty was experienced in 
washing out the last of it as it was almost impossible to filter the 
well washed soil. ‘The difference in the amount of water-soluble is 
less than one might expect, considering the different depths to 
which they were taken. 


Cases Nos. 22 and 23— These are adjoining orchards and 
ordinarily would be considered as cases of seeped land. I shall 
say but little about orchard No. 23 for all that may be said of No. 
22 is applicable to No. 23, except that No. 22 is a more recent 
development. ‘The soil of these orchards is mostly a sandy loam 
but in places this is either underlaid or wholly displaced by gumbo, 
a calcareous, clayey soil which when thoroughly wet retains water 
wonderfully well. We attempted to dig a hole in one of these 
orchards but the ground was so tough that we abandoned digging 
and tried to force a bar down to water. We were assured before 
we began that we would not succeed, not only because of the 
character of the ground, but also because the water was not so 
near the surface as we imagined. We succeeded in putting the 
hole down nearly four feet but without striking water; the gumbo 
was, however, extremely sticky. An idea of the manner in which 
this soil holds water may be conveyed by the fact, related to me, 
that shortly after we dug this hole a heavy shower filled it with 
water which did not seem to pass into the soil at all and was re- 
moved apparently by evaporation. ‘That this ground was not 
always in this condition is proven by the fact that the apple and 
other fruit trees had lived for thirteen years and made a good 
growth in this soil. Further, the dying of the trees in parts of 
this orchard in which these conditions do not obtain shows that 
the wet, sticky conditions did not kill the trees but are themselves 
caused by the conditions which bring about the death of the trees. 
I have elsewhere suggested this because of the peculiar condition 
met with in the soil, but in this case because it seems to follow 
directly after the other trouble. ‘The statement has been made 
in connection with several orchards that while the soil itself was 
practically a mud there was no proper water table found at depths 
of six to six and one-half feet. In the present case we did not 
succeed in digging to a greater depth than a little less than four 
feet, but the house stands at the edge of the orchard and a little 
lower if anything than the point where we tried to dig. The 
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cellar under the house is stated to be about eight feet deep in which 
water rises and falls with the seasons. From this we found that 
at the lower edge of this very bad area the water plane was almost 
exactly six feet below the surface, at the end of the irrigating 
season. The cellar was dry when dug, now six years ago. 

This orchard has taught us quite a number of things. We 

have been able to observe the death of the trees in a zone at the 
edge of this bad area just as the brown color extended. ‘There was 
no trouble during the thirteen years of the life of the trees when 
no “black alkali” appeared, but as soon as this “black alkali” ap- 
peared the trees began to die; some of them began to burn and 
died within two weeks. From one-half to three-fourths of an acre 
died between August 18 and October 29, 1910, while other trees 
not more than twenty-five feet away remained in fine condition. In 
this case the trouble continued to spread till the end of the season. 
I did not learn whether there was any relation between the times 
of irrigation and the virulence of the attack on the trees and the 
rate of their dying. ‘The manager has recently written to me 
that he irrigated this orchard about the first of December, 1910, 
and that the surface of the ground became intensely brown imme- 
diately after the application of the water even at the north end. 

A hole dug just north of this orchard encountered a little water 
at four and a half feet, but the shale beneath this, to a depth of 
five feet more was entirely dry. A tile drain has been laid the 
entire length of the north side, varying from four to six feet in 
depth. My information is, that it is entirely dry. | 

The water is not in the irrigating ditch long enough, during ~ 
the season, to affect the area in question. I asked the manager of — 
this orchard repeatedly in regard to the possibility of the trouble — 
being due to water and he as often repeated his answer that he 
could not believe it to be due to this cause. The depth of the water — 
table, as shown by the water in the cellar, six feet, with very little © 
variation throughout the year, supported his ‘view. The water 
_ table, as indicated by the water in this cellar on December 28, 1910, — 
was seven feet two inches, giving us a variation of fourteen inches — 
for the year. The accompanying plates from photographs kindly 
furnished me by Professor Sackett, illustrate the condition of the 
land and orchard October 29, 1910. Fig. 1 indicates the upper 
and Fig. 2 the lower figure in the plate. Plate V shows the 
condition of a Paragon tree which had not been affected at the 
time the photograph was taken while Fig. 2, Plate III, shows a tree” 
which died between August 18 and October 29. The tree at. 
the extreme right of Fig. 2, Plate V is the next tree immediately 
east of Fig. 1, same Plate. Fig. 1, Plate V shows no brown areas 
while Fig 2 shows them very well. Fig. 2, Plate III shows @ 
tree killed since August 18 and entirely denuded of leaves. The 
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photograph looks southward and shows that portion of the land 
from which the trees had been removed. ‘There was white alkali 
showing on a portion of this area at the time the picture was taken 
but it cannot be distinguished from the sunshine on unstained 
ground. The white patches in the other figures are due to sun- 
shine. Fig. 1, Plate V looks westward into that portion of the 
orchard not yet affected. Fig. 2 of the same plate looks eastward 
across the affected area. Fig. 2, Plate III looks southward across 
the worst portion of the land while Fig. 2, Plate IV looks north- 
ward toward the still healthy portion of the orchard as the back- 
ground shows. It will be noticed that the third row and even some 
trees in the second row were in good condition at the time the 
picture was taken, October 29, 1910, but they died so rapidly that 
in the spring of 1911 five rows of these trees including the row of 
dead trees in the foreground were dug up and by June four more 
rows of trees had been killed. 

The following are analyses of white alkali, water-soluble por- 
tions of this soil, and the ground water. 

Laboratory No. 996, white alkali within bad area, 18.67 per- 
cent soluble in water. 

Laboratory No. 1027, white alkali within area where trees 
were killed, 22.71 percent soluble in water. 

Laboratory No. 1029, soil from orchard designated, Case 23, 
surface of soil brown, trees dying, 11.44 percent soluble in water. 

Laboratory No. 999, water taken from cellar August 18, 1910, 
total solids 14,230 p. p. m. 

Laboratory No. 1040, water taken from cellar December 28, 
1910, total solids 17,561 p. p. m. 

Laboratory No. 1028, surface soil, composite sample, one i) 
two inches deep. No white alkali, trees dead, 3.11 percent soluble 
in water. 

Laboratory No. 1046, brown, mealy soil four inches deep, com- 
posite sample, 1.29 percent soluble in water. 

Laboratory No. 1041, water collected from sixteen-foot hole 
January 6, 1911, total solids 22,100 p. p. m. 
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ANALYSES LXXVII LXXVIII LXXIxX LXxXxX 
Water-Soluble Water-Soluble Water-Soluble Water-Residue 

Laboratory Laboratory Laboratory Laboratory 

No. 996 No. 1027 No. 1029 No. 999 
Aug. 18,1910 Oct. 29,1910 Oct. 29, 1910 Aug. 18, 1910 
Percent Percent Percent Percent 
Calele sillate: wai nt eaten <> 7.607 8.979 18.873 4.942 
Galcie carbonate G2. ss —_——_. ——— ss 4.536 
Magnesic sulfate ........ 31.447 24.794 386.407 19.604 
Potassic Sulfate 1.0. esse. 3.986 0.859 1.330 0.719 
NoOdichettiiadion. hae. Siac een 52.776 56.877 28.816 59.415 
POCIGECHIONIG: viz.. %ig, seuss eke 4.137 4.332 8.235 7.214 
SOGUGRMICTATE . Gali gue eashs veers —_——— 4.017 6.094 3-688 
Tron and Aluminic oxid.... ———— Trace 0.076 0.085 
RST ONG as eCL cates Si acs8 oats, oy ani vanes 0.047 0.142 0.169 0.117. 


100.000 100.000 100.000 100.090 


ANALYSES LXXXI LXXXII LXXXIII LXXxXIYV 
bok Water-Residue Water-Soluble Water-Soluble Water-Residue 

Laboratory Laboratory Laboratory Laboratory 

No. 1040 No. 1028 No. 1046 No. 1041 
Dec. 28, 1910 Oct. 29, 1910 Feb. 1,1911 Jan. 11. 1911 
Percent Percent Percent Percent 
WaVCL Owe WTAE ans shat ede 10.946 41.451 44.886 6.208 
Magnesic sulfate ......... 41.809 6.020 0.081 37.659 
Magnesic chlorid ........ -—— 9.296 8.768 — 
Potassic=suliate: shin. eal we. 1.012 —_—— —_—_-— 1.210 
IROtHSSLecChTOridir=...is,auwene wo 1.021 2.727 —_———- 
DOGIGUpUITATG. | alae. bist cles 6 33.267 — —— 51.876 
Sodic carbonate ........., -— a 2.422 
Nodiemenloridves. Soe x lek teks 7.726 19.234 15.847 0.556 
DOGICRMIPEAL Cmts t a: c-c5 cvs dene 2 5.083 yp la 7 Gr 26.640 none 
Iron and Aluminic oxid.... 0.080 1.2038 —————. — 
SUIUCOR MAT CIE LE et chee ea 0.077 0.398 L051 0.069 


100.000 100.000 100.000 100.000 


This orchard presents three distinct problems—seepage, alkali, 
and nitre, which questions present themselves in the following 
forms, First, has the water collected in this area to such an ex- 
tent as to make the land unfit for ordinary agricultural purposes — 
unless it be drained? Second, is the concentration of the so-called — 
alkalis so great that they alone have caused the difficulties? Third, © 
have the nitrates brought about this soil condition and also caused — 
the death of the trees? 

I simply state the facts as we have found them and as they 
are exhibited by the analyses given. I long ago made the assertion 
that Colorado has no alkali question which does not resolve itself | 
into one of drainage, and again, that I have not seen any crop 
seriously injured by alkali alone though I have seen some crops 
drowned out. Even soils that are very rich in the sulfates of — 
soda, magnesia and lime will, if they be not at the same time all 
too wet, grow crops, sometimes good ones. In these cases it is the 
water rather than the alkali that does the damage. ‘This is not the 
case with nitre, it kills trees and other plants in a characteristic 
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way when there is no excess of water, as we have demonstrated by 
experiments. 

In regard to the water question in this case the facts are not 
clear. I have given the depth of the water plane as seven feet 
and stated that the annual variation above this is probably not more 
than ten or twelve inches. These statements are based upon the 
heighth of the water in the cellar of the house standing at the lower 
edge of the low portion of this land and also upon the results ob- 
tained by digging a hole nine feet deep and extending it by means 
of a post-hole auger to sixteen feet when the water rose to within 
seven feet of the surface. These figures were given to me by the 
manager of the property and are entirely reliable. The water at 
sixteen feet is evidently under some hydrostatic pressure but not 
enough to force it nearer to the surface than seven feet. The 
cellar referred to is a large one, 25x50 feet, and I think gives the 
true heighth of the water plane. ‘These statements are not made 
to indicate that the surface of the land is not wet, for it is, but to 
indicate that the wet condition of the surface is not due to a high 
water plane but to surface waters. This water near the surface is 
probably none other than irrigation water, it is certainly not due to 
the run-off from heavy rainfalls, and is not due to leakage from an 
irrigating ditch to the north of the orchard. A salready stated holes 
or wells dug north of the orchard but south of the ditch did not 
show much water and a trench from fou rto six feet deep, dug the 
whole length of the orchard developed no water. The only water 
that could collect on this ground would be that used in irrigating 
about twenty acres of land. The orchard must no whe fifteen years 
set and so the concentration. of salts by washing and evaporation 
must have been going on this long at least. During this time, 
however, some may have been carried away by run-off waters. 

Laboratory No. 996 is a sample of white, effloresced alkaii 
and contained no nitrates. No. 1027 is a sample of surface soil 
and alkali taken two months later than No. 996 from another, but 
a very bad portion of the land, in my judgment, the worst. No. 
1029 is a sample of alkali and soil taken from an adjoining orchard 
indicated as Case No. 23 which is wholly neglected by its owner 
and no further mention will be made of it. No. 1028 is the water- 
soluble portion of a soil sample taken October 28, 1910, one and 
one-half inches deep. ‘There was no white alkali at this place and 
the soil was in fine condition, but the trees were dying, the water- 
soluble in this sample was 3.11 percent but the nitrates present 
were equal to 0.676 percent of the sample. No. 1046 is another 
sample of soil taken Feb. 1, 1911, about four inches deep. This 
sample was taken west of the bad ground by taking smaller samples, 
uniting them and cutting down the mass to a convenient size. The 
water-soluble equalled 1.25 percent of the soil and the nitrates 
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amounted to 0.333 percent of the air-dried sample. No. 999 
is the residue obtained by evaporating a sample of the water taken 
from the cellar, August 1910, to dryness. The residue equalled 
996.1 grains per imperial gallon or 14,260 p. p. m., while No. 
1040 is a similar sample taken December 28, 1910 carrying 1229.27 
grains per imperial gallon or 17,561 p. p. m. ‘These samples can- 
not be taken as actually representing the ground water owing to 
the fact that concentration due to evaporation must have taken 
place. The dimensions of this cellar as stated. are 25x50 feet and 
while the house is built over it the cellar windows were open and 
we are uncertain in regard to the changes in it principally due to 
concentration. The first water observed in this cellar came in in 
the winter of 1908-1909 or about eighteen months before the 
sample 999 was taken and the analyses present the following re- 
sults: the white alkali which had effloresced contained no nitrates; 
the white alkali mixed with some soil from slightly higher ground 
contained some nitrates, one twenty-fifth of the weight of the water- 
soluble; but the soils which would ordinarily be considered as free 
from alkali contain nitrates equal to one-quarter of the weight of 
the water-soluble. 

The present owner of this land has put in upwards of 15,000 
feet of tile drains. I saw about 7,000 feet of the trenches open in 
the very worst part of the land. The surface of the land was 
muddy as though they had recently had a heavy rain or the land 
had just been irrigated, the second spit was decidedly dryer than 
the first and while there was some water in the bottom of the trench, 
here and there filling the depressions made by uneven digging, by 
far the largest portion of it was entirely free from running water. 
I was very much surprised at the small amount of water appearing 
in so great an aggregate of trenches. It should, however, be 
stated that water flows out of such land with exceeding slowness. 
The fact was that the very surface of this bad land was the wettest 
portion of it and my impression is that this was always the rule 
with it. The land at the north end of the orchard is dry and, as 
previously stated, I was informed by two men, both interested in 
the success of the work, that the drain trench, from four to six 
feet deep, developed no water whatever. The effect of ground 
water upon the trees depends upon the depth at which the roots 
actually feed as well as upon the heighth of the water plane and 
the capillary power of the soil. I saw this trench when it was — 
partially dug and I called the owner’s attention to the fact that — 
it was rarely the case that the roots were more than ten inches ~ 
deep, though we occasionally found them, small fibrous roots, four- — 
teen inches deep. The manager informs me that some of the trees — 
in this section of the orchard burned in the autumn of 1910 which 
seems to be very probable as they are practically dead in the 
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spring of 1911, in fact a number of trees have been dug up in this 
portion of the orchard, just how many I do not know, but all of 
the trees shown in our photographs taken in October, 1910, seventy- 
five of them, have been removed, but by June 3, 1911 many more 
trees, nine rows in all, back from the foremost row in Fig. 2, 
Plate IV have died since August 18, 1910. All of this land 
is in good physical condition, mellow, well cultivated and free 
from water. 

The white alkali collected in August, 1910 shows no nitrates, 
that collected from a very bad spot, in October, shows a rather 
small percentage, 4.017, and as this was surface alkali and soil it 
does not necessarily - indicate a large aggregate amount. The 
samples of soil taken where there was no white alkali, while giving 
a low percentage of water-soluble, showed the presence of very 
large amounts of nitrates, 21.377 and 26.640 percent. While the 
trees did not die last year, 1910, where these samples were taken, 
they did die in May of 1911 as soon as the trees put out their 
leaves. 

All of these trees and all others referred to through this and 
previous bulletins as having been killed by nitre, die in the same 
manner, with the symptoms produced by the direct application of 
sodic nitrate. 

The water samples in this case are particularly interesting. 
The samples taken from the cellar, one in August, the other in 
December, 1910, are both quite rich in nitrates. The richer one 
of the two carrying approximately one and a third tons per acre- 
foot of water. The important question is whence these nitrates? 
The water had begun to come into this cellar about twenty three 
months prior to the taking of the last sample and the significance 
of the results depends upon the answer given to this question. The 
natural, and in this case, correct answer is unquestionably from 
the surface. The sample of water, No. 1041, taken from a hole 
sixteen feet deep in all, is very much richer in total solids but 
contains no nitrates. I take it that this represents the ground water 
proper of the section and agrees with the ground water proper of 
other sections showing that the nitrates are not transported to the 
affected areas by this means. 

The destruction of this orchard has proceeded very rapidly. 
It began in the early summer of 1910 and at this time, June, I9gI1, 
almost the whole of a fifteen-acre orchard has been destroyed. 


Case No. 24.— This is a very interesting occurrence. The land 
was sown to sorghum in the summer of 1910, but the crop was a 
complete failure. ‘There is a large irrigating ditch running possibly 
six hundred feet to the north of it. The land is somewhat low but 
there is an orchard close by, in fact is immediately south and east 
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of it and without knowing the actual difference in level I would 
estimate it as not greater than two feet. ‘The field immediately north 
of this property was in beets, which were very poor indeed. This 
fact is mentioned to indicate that the people still considered it as 
tillable ground. The question of seepage is of course suggested by 
its position, but 1 dug shallow holes three to three and a half feet 
deep on different occasions without striking water. I was sur- 
prised that the water plane was so deep as three feet, but it was 
evidently deeper. I expect to give in a subsequent bulletin the best 
possible proof that beets will grow well and yield beets of fine 
quality with the water plane much nearer the surface than this, and 
I have seen a fine growth of sorghum on land in which the 
drainage ditches were not as deep as this. While I willingly admit 
that in my judgment the people did unwisely to choose these pieces 
of land for cultivation, they probably did not believe that the land 
was seeped at the time of planting or was likely to become so dur- 
ing the season, and as I have already indicated, I found no reason 
for thinking that the water plane was at any time less than three 
feet below the surface. I dug one of the holes referred to in June, 
the other in September, 1910. The general conditions that prevail 
are as I have just described them, but these alone would scarcely 
have induced me to have made mention of this land, though it is 
one worthy of study in this connection. 

Circumstances enable me to give a few facts pertaining to the 
effects of flooding. I stated in connection with Case No. 8 that 
the owner had irrigated excessively till, in his own language, he 
had ‘washed the ground white” in expectation that by so doing 
he would correct the evil. We had, however, no results except the 
continued bad condition of the land to indicate the effects. Further, 
I showed that the drainage of his land was ideal. Again in con- 
nection with Orchard No. 3, described in Bulletin 155, I stated 
that the owner of that orchard had treated some of his land in the 
most drastic manner in an endeavor to correct this difficulty by 
washing. ‘This party had run a furrow with a turning plow, fol- 
lowed with a subsoil plow and turned into the furrow one hundred 
inches of water but without any satisfactory degree of success; this 
statement is very conservative. The last time that I saw this man’s 
orchard it and some of his other land was in a very bad condition. 
This flooding had leveled the land but it had not removed, if it had 
indeed alleviated the trouble for any considerable time. 

I can, fortunately, present the effects of flooding in removing 
the salts and benefiting the soil in this case. I chanced to be in 
this section of the state on the 12th of August, 1910, when, due 
to torrential rains, the piece of affected land was flooded for about 
five hours. ‘The flood waters which swept acress it were several 


inches deep. I learned that about a week subsequent to this another _ 


. 
: 


THE FIXATION OF NITROGEN. 69 


flood, due to the same cause, covered this land to a depth of two 
feet and that it was twenty-four hours before these flood waters 
had entirely disappeared. ‘The flow of these waters, as indicated 
by the straw, weeds and other debris lodged on the posts and fence 
wires, was evidently strong, and the depth assigned, i. e., two feet, 
was probably correct; furthermore it had left very little or no sedi- 
ment. I had taken a sample of the mealy surface soil on June 6, 
1910, sol was glad for the opportunity to obtain a sample of the 
surface soil from as nearly the same place as I could locate it from 
memory, on September 25, 1910, not more than thirty-five days 
after the last flood. On this date I dug a second hole to see how 
near to the surface the water plane might be, and as stated before 
it was not within three feet either in June before the floods or in 
September after them, so the drainage of this land must be reason- 
ably efficient. I may add that the soil at this place was sandy to 
the depth that I dug, while that of the beet field north of it was 
heavier, inclining to clay. 


ANALYSES LXXXV LXXXVI 
Water-Soluble Water-Soluble 

Taboratory Laboratory 

No. 956 No. 1038 
June 6, 1910 Sept. 25, 1910 
Percent Percent 

AN GICMSIDIPA LH alsa ete ak oven linea oe Cees) 14.126 
J MES Wea OIC \sullon Msunll BEE Nite Me Saris Mo ae arm ed To 12.130 16.097 
RO PASSIOMOULIEALC Th ht Srouy: o's ney Ge eaiue 4 8.154 Pa OTL 
BOCMC MBE WAUO at. eke ame cy aa aes sa bok rose Sian DoLT IS 58.432 
SOC COLOTIG We Vina ey ee ee ted. ane eenSaere 2 Teco Ou 6.934 
OCICS MICTAUC.) coaiaa nies Neen shes ain asare nah Sr Odut: 1.296 

ROME CN GICLO o's, iaiveciys teaaaeeee lisesi naaacres one kis 0.210 0.338 
100.000 100.000 


The water-soluble in No. 956, taken in June was equal to _ 
15.35 percent of the air-dried sample, that in 1038, taken in Sep- 
temper equalled 9.533 percent and the nitrates, as sodic nitrate, 
equalled 0.582 and 0.123 percent of the respective samples. It is 
really an accident that we are able to give these data relative to 
the effects of these floodings and while they are far from com- 
plete they may serve to give us some idea of what we may expect 
to accomplish by trying to’ wash the soil, i. e., it will be a much 
more difficult problem in practice than it is in theory. It would 
have been very interesting to have been able to determine the dis- 
tribution of the nitrates in this land immediately after the second 
flood and to have determined the rate a which they made their re- 
appearance at the surface, for a rapid evaporation must have taken 
place from the surface of this land at this season of the year. One, 
however, would think that the flowing of such a volume of water 
over this land, as occurred on these two occasions, would have ex- 
tracted and removed the nitrates rather than to have carried them 
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down into the soil, for it is to be remembered that this land was 
covered several inches deep by a mass of water moving at a rather 
rapid rate for five or more hours about August 12, and again about 
August 20, to a depth of two feet for twenty-four hours. How 
much nitrogen as nitrates this flood water may have contained I 
do not know but it could not have been any relatively large quantity. 
The waters of a reservoir used in irrigating this section of country 
contained only a trace when last analyzed, now several years ago, 
and the return waters as represented by a sample of river water 
analyzed at the same time contained 1.5 p. p. m. Further, this 
water flowed off of and did not evaporate on this land, so I do not 
think that the question of transported nitrates is to be considered. 
The sample taken in September indicates, so far as it is worthy of 
consideration, that these floods removed approximately four-fifths 
of the nitrates present as indicated by the sample taken in June. 


Case No. 25— This case is given because it presents an ex- 
ample of drained land. The area is twelve acres; it is much longer 
than wide, the west and south sides being represented by an irreg- 
ular curve, the field being bounded by a low hill, along the flank of 
which runs an irrigating ditch, but its supply of water is not good 
so it is often dry. The owner thought that the bad condition of 
the land was due to an excess of water. It is now something over 
five years ago that he put in three lines of tile drain, from four io 
six feet deep. I have no map of this drainage system but two of 
the lines, I was informed, run lengthwise of the field for its whole 
length, and the third one is a line run with the idea that it would 
intercept the water that leaks from the irrigating ditch and deliver 
it into the main drains. I do not know the depth of the water 
table, but I do not think that it is at any place materially above the 
depth of the drains, i. e., four feet. This land has now been 
planted to beets for five years in succession and the owner has never 
harvested a full crop off of all of the field, and for the past three 
years he has had so good as no crop at all. In October, 1909, I 
made a note to the effect that from one-fourth to one-third of the 
field was absolutely devoid of vegetation, even of weeds. I visited 
this field several times during the season of 1910, and if there was 
any difference the conditions were worse than in 1909, but they 
were very bad in both years and the crops were practically failures. 
Two roads intersect at the northeast corner of this field. ‘The field 
east of this one and across the road was also planted to beets, the 
stand was in places poor, the ground brown and mealy; the beets 
were, as a whole, poor. The field northeast of it was not cultivated, 
its surface was brown and mealy, but the common sunflower was | 
growing in spots and was very luxuriant. I took two samples of — 
soil about three inches deep, one near the south end and the other — 
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from the north end, on October 11, 1909. ‘The surface at this time 
showed nothing unusual as a rainfall of 0.83 of an inch had fallen 
three days before, on the eighth of the month. The surface at this 
time was not muddy or wet. The sample from the southern part 
of the field, Laboratory No. 867, contained 2. 564 percent; the one 
from the north end contained 3.315 percent of material soluble 
in water. 


ANALYSES LXXXVII LXXXVIII 
Water-Soluble Water-Soluble 

Laboratory Laboratory 

No. 866 No. 867 

Oct. 11, 1909 Oct. 11, 1909 
Percent Percent 

(GER ICES #78 NE ee PE ear er one 28.672 32.729 
Ms MeSTIGY SULLATE.:, 5 ohcs ecatewner eect aires ecco 14.156 11.468 
OPAHSLC MSW ALCL i neere conuecspatere cc maleic aca ar 4.345 3.495 
SOMITE eSITLLAt Oy cerecte uate: eee esa neo pa ruone ne 28.779 18.150 
SOMIGHGHLO TI eis satin sameeren Ueee iehewon ahees) ap Agee Ot 28.256 
SGTOIO Ralihiytids Aes, cucleut ieee Rca MS Rem Waar 6.435 5.410 
ironmeanGs Alii MICWOXTde on Se eo ee ie 0.162 0.070 
UNCLE MAL CTOS a satan ay cual tina aren Oeeelk ea te aoa 0.254 0.422 
100.000 100.000 


We have in each of these samples essentially 0.16 percent of 
the top three inches of the soil consisting of sodic nitrate or its 
equivalent in other nitrates. Even beets have not grown in this 
soil for four years. 


Case No. 26— This is as typical a location for seepage as I 
think can be found anywhere, not excepting Cases Nos. 22 and 23. 
The difficulty here has been unhesitatingly designated by the double 
term seepage and alkali by all local parties concerned up to the 
present time. The configuration of the country at this place is 
that of a flat tract bordered on either side by rising ground, the 
flat section varying in width up to two hundred paces or more, 
through the central portion of which runs a drainage ditch three to 
four feet deep and about five feet wide. The portion of this higher 
strip of land in consideration is about twenty feet above the surface 
of the lower portion and from twenty-three to twenty-five feet 
above the bottom of the drainage ditch. Persons really familiar 
with drainage problems in Colorado will not be misled by the ap- 
parently simple condition stated above. In this case borings showed 
that the water table, in the lowest portion of the cultivated area, 
was, in November, five feet below the surface, and that the water 
table at a distance of six hundred and fifty feet south of the drain- 
age ditch was only one foot above, while the surface of the ground 
at this point was six feet above the bottom of the ditch. As else- 
where stated we will subsequently show that the beet will thrive, 
producing a fair crop of excellent beets with the water table much 
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nearer to the surface than this. Borings to a depth of six feet and 
more at points more remote, failed to reach the water plane. 
Though the water plane at the lower limit of cultivated ground was 
five feet below the surface the soil was wet at a depth of two to four 
inches. The highest portion of this tract is the southeastern corner. 
The slope is from this portion, north and west to the drainage ditch. 
The central portion of this strip of land was planted to beets in 
1908, 1909 and 1910, but we do not at this time intend to say any- 
thing about the beets nor about the land planted to beets, but will 
consider only the cultivated land west of this. I regret that I have 
no photograph of this land, for it is exceedingly-difficult for any 
reader who has not actually seen these things to understand evea 
the most faithful description or to have any adequate appreciation 
of the facts. In 1910 this land was planted to sorghum. There 
was here and there a little of it that came up but for the most part 
it was a complete failure, the land being entirely bare except along 
the irrigating furrows or lateralwhere, at the margin, showing the 
limit of the running water, a few small, stunted plants survived. 
These plants were not more than a few, from three to eighteen, 
inches high. I took a sample of this soil on November 2, 1910, 
Ww eighing about forty pounds, and to depths varying from four 
to six inches. This sample was taken for experiments in incuba- 
tion, but a preliminary test showed that the soil extract gave very 
unsatisfactory results, in fact, it was a failure. The azotobacter 
seemed to have been killed. The water-soluble portion of this soil 
equalled 4.518 percent of the air-dried soil. A nitric acid determin- 
ation made on this sample corresponded to sodic nitrate equal to 
38.867 percent of this water-soluble or 1.756 percent of the air- 
dried soil, being at the rate of 70,240 pounds of sodic nitrate per 
acre-foot; or restricting the calculation to the top six inches actually 
taken, we have 35,120 pounds, or 17.56 tons per acre, a degree of 
concentration which is very difficult for those who know nothing 
about this matter to believe possible. 


The water-soluble in the following sample, 1024, equalled 
5.54 percent. 
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ANALYSIS LXXXIX 


* Water-Soluble 
Taboratory 
No. 1024 


Novy. 2, 1910 
: Percent 

See Cicer OMe ne Mr ancome. teri pee hoes, oi gtayh te Se a ed ee 18.37 
Vict me NO RG er retay ci easy mayen Di racl ee cay a 4-5 Sikes is Soi w GSS 18.740 
puoi ge cre mee MOG pe iperitiat eal We, elves ove scape sk x cial a, Saabs dh Wale eae g 12.030 
OURS CNG eCIMNONGs exits Acc ale Spree eet cee ose SERRE es hedac iat aan eat acted a sew pis 1.882 
RIEL ome CHALOM Teen tera a whe ae ste eee wile 2G Sneek oath eee aa Oe Ae eee 4.550 
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It is no wonder to me that the soil was mealy and barren 
and that our culture experiment showed no living azotobacter. The 
desirability of a series of nitric acid determinations as well as that 
of the total nitrogen in samples of such a soil taken at stated 
intervals is evident, but it has not been and scarcely will ever be 
feasible to prosecute this work in such detail in the field; there are 
other difficulties besides the remoteness of the locality from the 
laboratory. Had I forseen the developments that took place in 
this land in t910 I could have arranged matters better. This is 
all that I wish to say about this case at the present time. I may 
say something more at a future time. 


Case No. 27— This is a sample of earth taken from the road- 
side near a neighboring town. A vertical face of earth two and 
a half to three feet high left in working the road, as well as the 
flank of the road were decidedly brown and looked moist and oily. 
An irrigating ditch runs about sixty feet north of this point, the 
bottom of which is between four and six feet above it. There was 
no undue amount of moisture either at this point or on the other 
side of the road to indicate leakage from the ditch. ‘The earth is 
a red, gypsiferous and somewhat sandy clay. The sample was 
taken from the surface, but a portion of it may have been more 
than an inch deep. The NO, present equalled 1.079 percent of . 
the air-dried sample. 


Cases Nos. 28 and 29—In this investigation only two 
occurrences of nitrates have been met with which must be considered 
as owing their origin to leaching from the soil. How far the 
nitrates in these two cases may have been transported is, as a fact, 
wholly unknown. 

In the case which I have myself seen they probably came from 
the immediately surrounding country, as the line of hills about the 
place is not far away and the occurrence is clearly a surface one. 
‘These two occurrences are shallow wells, one of them twenty-seven 
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feet deep, the other said to be forty feet deep. I have not seen the 
latter, the water of which was sent to me. We had a little over 
two litres of water to evaporate down. It was a mistake that we 
adopted this method of procedure but it was too late to change it 
when this occurred to me. The water was not a fresh sample when 
we analyzed it. The total solid equalled 560.8 grains per imperial 
gallon, 8,012 p. p. m. This water is yellow in color, has a bitter 
taste, foams strongly when poured or aigtated and had no odor 
though the sample was old when its container was opened. 


The following analysis has been calculated to one hundred: 


ANALYSIS XC 

Water-residue 

Laboratory 

No. 1202 

Percent 
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This analysis shows that the salts in solution are principally 
calcic and magnesic salts in which magnesic nitrate is particularly 
abundant. I know of this well only by correspondence . It was 
the only well in the neighborhood yielding such water, other wells 
near by yield sweet water. 

The other well water to which I refer is also yellow. Its 
taste is at first cooling, afterwards bitter. It, too, foams on agita- 
tion or pouring. The well is twenty-seven feet deep, the water 
was encountered at the depth of twenty-three feet. The ground 
yielding it was described as one foot thick; no water came in below 
this. ‘There was at the time I visited this place four feet of water 
in the well, i. e., the well was filled up to the top of the water- 
bearing zone. The well was not curbed except in the upper portion, 
but was provided with a ladder so that it was easy to go down into 
it. This well was sunk through a somewhat mottled clay. I took 
the mottling to be due to aggregations of calcic carbonate. ‘This 
clay was tenacious enough to stand without peeling off or slough- 
ing. ‘There was no water entering above the twenty-three-foot 
point and no indications that any water had ever trickled down 
the sides. ‘The owner has prospected his ranch for water by boring 
holes from eighteen to twenty-eight feet deep, without success. 
He has even dug a fifty-foot well which proved to be a dry one. 
This well is sunken for the most part in Niobrara shales. A little 
water, apparently a little pocket, was met with at a depth of forty 
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reet. This was said to have been good water but there was no 
quantity of it. The well, with this exception, was dry when dug 
and is still dry. The striking of water in the first well seems to 
have been an accident. The flow is not strong and comes from the 
direction of the higher land. The owner stated that one man could 
not pump the well dry but that two men taking turns could pump 
it out. The water is unfit for any use, even for irrigation. ‘There 
were a few hills of corn near the well which had been watered 
with this well water; the corn was burned and I doubt whether 
it will survive. There were also some onions which did not show 
any effects of it. This well is near the owner’s house and on 
ground sloping to the south. The land which the owner pros- 
pected for water by borings is lower and at times is flooded by 
rain water. The surrounding country is not irrigated and the 
rain fall is not sufficient for the growing of crops. ‘The owner, 
who is holding th: land in the hope that sometime it will be brougit 
under irrigation, stated that he had not gotten enough out of his 
crops to pay for the labor expended on them. ‘The source of the 
nitrates contained in this water is unquestionably, I think, the 
higher lying surface soil to the north of this place. Why the 
water should be confined, as it apparently is, to this particular area 
is not evident. There is nothing in the contour of the country to 
suggest a reason. The first sample of this water that I had, one 
which was sent to the Station by the owner, contained 1819.5 grains 
per imperial gallon or 25,993.0 p. p. m., the sample which I col- 
lected myself and shipped in glass gave 1692.6 grains per imperial 
galon or 24,180.0 p. p. m. 
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The question of the existence of brown spots here would seem 
to be excluded. Brown spots of course are taken as a positive 
indication of the presence of nitrates and of azotobacter. Such a 
concentration of nitrates in surface waters like these calls for a most 
extraordinary supply of nitrates or a very long period of concen- 
tration and the separation of the accompanying “alkali’”’ salts. The 
activity of the bacteria is conditioned by temperature, moisture 


76 THE CoLORADO EXPERIMENT STATION. 


and a neutral or an alkaline medium. ‘The temperature and alka- 


linity prevail in this section and the only factor which is lacking 
is the moisture to bring about the formation of nitrates. The cor- 
rectness of this view is indicated by the occurrence of the brown, 
greasy-looking spots along the irrigating ditch in a neighboring 
section of the country, where the land is similar though it is still 
native prairie. The conditions are not well enough known to 
justify definite assertions pro or con in these cases. I have not 
permitted myself to make any prophesises but simply to record 
the facts as I see them. It would, however, be very interesting to 
be able to watch the developments in this section for five years if 
it could now be supplied with an abundance of water for irrigation 
and we could grow a series of crops on these lands. This experi- 
ment, while altogether too big a one to be undertaken by an indi- 
vidual, will in all probability be made and while I cannot hope to 
be able to study it in detail, I do hope to be fortunate enough to be 
able to follow it in a general way. It will certainly be instructive 
to those who shall see it. 


DISCUSSION 


I have given a large number of cases but each case, with very 
few exceptions, represents different conditions—not only different 
from one another, but different from the conditions given in Bul- 
letin 155. I have endeavored to give different conditions and at 
the same time widely separated localities and samples representative 
of large areas. The aggregate area described in Bulletin 155, was 
between eighty and one hundred acres. ‘The area described ia 
this bulletin aggregates more than three hundred acres, and doés 
not include any of that described in Bulletin 155. This is only a 
very small part of the total area involved in the state. So far as its 
distribution throughout the state is concerned the areas given repre- 
sent nine counties, extending from the Kansas boundary to that of 


Utah and from the Cache la Poudre to the Arkansas river, and _ | 


even further south, to the New Mexican boundary. 

The total percentage of the irrigated or cultivated lands af- 
fected by this trouble, to the extent of the instances given, is more 
considerable than we might wish, but it is not a large percentage of 
the whole, still if we consider it in square miles and bear in mind 
the value of the lands affected, as estimated by the owners, it be- 
comes a very serious matter. [he four hundred acres described 
in this and in Bulletin 155 are representative of large districts, 1 


think that as a very conservative estimate we may state the districts 
affected as aggregating from three hundred to four hundred square 
miles. -In a large portion of this territory the conditions are very — 
bad. The most serious feature is that these very bad portions may _ 
only represent extreme developments of a general condition which — 
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exists in our soils which only awaits the occurrence of some 
optimum condition for its excessive development. One of the 
factors in this optimum condition is an ample and continuous 
supply of moisture. 

The question of the influnece of the character of the soil has 
been frequently raised since the publication of Bulletin 155. The 
wet condition of two of the soils described in that bulletin tended 
to leave the impression that the whole trouble might be due to 
water, especially in the minds of readers who might consider the 
wet, muddy condition of the soil the only cause for the death of 
the trees, and not to consider this condition itself as the result of 
conditions other than the presence of water. It was distinctly and 
repeatedly stated in Bulletin 155 that the water in these cases was 
not free so as to form a water table at depths of six to six anda 
half feet. In the case of Orchard No. 3, I stated that the land 
where the sample of mealy, surface soil was taken was sandy and 
that the ground was only fairly moist at a depth of six feet. In 
Cases 5, 7, 8 and 9 we again have sandy and in part light clayey 
loam with sandy subsoils, and no excess of water at depths reached 
by the roots of the trees. In the Cases of Nos. 8 and 9 we have 
excellent drainage. In these cases, especially in the latter, the 
trouble can in no manner be attributed to an excess of water. Still 
Case No. 9 was one of the most severe ones that I have yet seen, 
though it is underlaid by a stratum of gravel at a depth of from 
five and one-half to eight feet. ‘The same is true, in different 
measures, of Cases 10, Ir and 12. ‘The soil in Case No. I0 is de- 
cidedly sandy with a stratum of coarse granitic gravel at a depth of 
only three feet and yet this land is in such bad condition that the 
owner has not yet, after repeated attempts, succeeded in getting his 
fruit trees, peaches and pears, to grow. In Case 12 a beautiful 
orchard has been destroyed outright in one season. ‘This point is 
not a matter of opinion but one of fact, and for this reason so 
many cases, to which Cases Nos. 16 and 20 might be added, have 
been given. The conclusion is evident that the trouble is not due 
to the presence of an excess of water, nor to the character of the 
soil for these sandy soils have shown it to as great a degree as 
heavier clayey soils of which Cases Nos. 6 and 12 may be cited 
as examples. No. 6 is an especially bad case, but the results were 
no worse than in Case g—they could not be, for two and one-half 
acres of large trees were killed within a few weeks. The attack 
in Case No. 6 was not so violent nor did it involve so much ground 
at one time. 

The trouble is not to be attributed to ordinary alkali. In 
Case No. 8 a part of the orchard is free from the nitre but is 
rich in ordinary alkali; the trees have died only in the nitre area. 
here are many orchards scattered throughout the fruit growing 


78 THE CoLorapo EXPERIMENT STATION. 


sections which have been planted on ground rich in alkali, which 
are in good condition. Nearly every case cited in which an orchard 
is involved is one in illustration of this fact. Cases 5, 6, 7, 9, II, 
12 and 21 were old orchards, from fourteen to twenty-eight years 
old, in which the trees had thriven till within a few weeks before 
their death. The soils in these orchards are not richer in alkalis 
now than they have been in years past, nor richer than the soils of 
many other orchards which are still in a flourishing condition. 
Water does not kill so quickly nor in this manner. 


The trouble in the cases of orchards is not at all related to 
the age of the trees, for trees of all ages have been killed. Older 
trees with large root systems seem to be more readily affected than 
younger trees but I have seen a nine and an eighteen-year-old tree 
standing within twenty-five feet of one anotner attacked and killed 
in practically the same time. ’ 

This trouble has spread very rapidly since the summer of 
1909 when I first observed bad attacks in orchards. Orchards 
Nos. 1, 2, 3 and 4, mentioned in Bulletin 155, had been observed 
previous to that time, but during the past year, 1910, I have seen 
many orchards, distributed over a wide area, seriously injured. In 
former years I have seen no injury done in May or early June, 
but this year, 1911, the damage already wrought is large and the 
outlook is very ominous. 

Orchard lands are by no means the only lands in which this 
trouble occurs, other lands are as badly affected as are the orchard 
lands, but orchard lands are conspicuous because of dead or dying 
trees, or of vacancies caused by the removal of dead trees. Cases 
19, 20, 24, 25 and 26 are examples of ordinary cultivated lands. 

Apple trees have been mentioned so nearly to the exclusion of 
others that one might think that the apple is the only tree or plant 
that is killed. ‘This is not the case. The following trees and other 
plants have been noted: the annle, pear, peach, plum, apricot, 
cherry, quince, maple, cottonwood, ash, currant, grape, corn, to- 
mato, bean, pumpkin, cantaloupe, pea, elm, willow, Lombardy 
poplar, Carolina poplar, sorghum, oats and barley. 

I have made no experiments in addition to those recorded on 
pp. 43 and 44 of Bulletin 155, to demonstrate*the effect of nitre 
on apple trees. ‘The results of those experiments were stated as 
follows: “The effects were in all respects similar to those produced 
in the affected orchards, the beginning and progress of the effects, 
the killing of the leaves, the throwing out a few whitish-yellow 
leaves, their speedy death and the appearance of the bark and wood 
after death, were identical. An application of large quantities of 
salt proved injurious but did not produce these effects.” The ex- 
periments, eight of them, were concordant and conclusive. 


‘THE FIXATION OF NITROGEN. 79 


The only new thing that I have noticed during the past year 
in the deportment of these dying trees was their tendency to come 
into bloom in September and later. Sometimes a tree would put 
out quite a sprinkling of bloom. 

The question of concentration of nitrates has also been sug- 
gested. I had this question in mind when, in Bulletin 155, I re- 
ferred to the popular idea that the irrigating waters bring the 
“black alkali” to the surface, and discussed the fact that some 
seepage waters issuing from certain shale banks contain significant 
quantities of nitrates. It was then shown that the shales contained 
no more nitrates than could be readily accounted for by assuming 
their origin to be in the soils of the mesas above them, which as- 
sumption is suggested by the occurrence of areas which are very 
rich in nitrates on various parts of these mesas. Case 19 in which 
we find a very considerable number of such occurrences stretched 
along for a distance of probably five miles, is one in point. This 
area lies above and extends southward from the point where the 
shale sample showing 0.03 percent of nitrates was taken. ‘The 
intensity of the fixition or fixation and nitrification which has taken 
place in this area is indicated by the analyses given in connection 
with this case. While many of these occurrences made their first 
appearance in 1909 and IQI0, over 2.0 percent of nitrates was 
found in an alkali collected on this mesa in 1907 and the aqueous 
extract of a soil sample taken the same year, 1907, contained nitric 
acid equivalent to 6.00 percent of sodic nitrate calculated on water- 
soluble or nearly 0.40 percent calculated on the air-dried sample. 
It is evident that leaching from the shales cannot possibly account 
for the occurrence of nitrates in the soils many feet above them. A 
similar argument applies to all of the geological formations occur- 
ring within the affected territory, i. e., they are wholly inadequate 
to account for the observed occurrences which are found above as 
well as below the various strata which might be taken as illustra- 
tions; in other words, the occurrences are wholly independent of 
the geological formations. 

It may be further mentioned that no other occurrences of 
nitrates have been found either in excavations, borings or elsewhere 
which might be considered the source of any of the nitrates. Again, 
as previously urged, the general distribution of these nitrate patches 
requires for its explanation the existence of some very widely dis- 
tributed source or generally occurring cause. 

The fact that these nitrate spots are generally associated with 
wet land has led to the idea that the ground and even ditch waters 
may be accountable for them and consequently that drainage will 
obviate the trouble. It would in some cases be of decided benefit 
to drain the lands, and might possibly change the location of the 
nitre area by changing the area in which the condition of optimum 
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moisture prevails, but my observations lead me to have little hope 
for immediate and satisfactory results from ‘drainage. In Case 
No. 8 I gave the conditions of the ground and those of adjacent 
lands in some detail for the purpose of showing that these adjacent 
lands do not furnish the nitrates and that the ground water would 
not, even if it flowed into this land, Case No. 8, account for the 
presence of any nitrates as they are not present in this ground 
water, nor yet are they, the nitrates, contained in the white, ordinary 
alkali of the surrounding lands which is essentially a mixture of 
sulfate and chlorid of sodium. 

In regard to drainage, Cases Nos. 8 and 9, light clayey to 
sandy loam soils, with sandier subsoil underlaid by gravel, located 
on the river bank and from 12 to 15 feet higher than the river bed 
present ideal drainage conditions, and yet these cases presented, 
in 1909 and 1910, extreme instances of very high degrees of con- 
centration of nitrates with most disastrous results, so far as the 
orchards and crops were concerned. 

The ground water from the adjacent land but also the drain 
water from an adjoining similar soil showed actually less nitrates 
than is often present in good drinking waters, yet there is a very 
rich nitre patch near the river bank east of this drain. We have 
in this connection conclusively shown that such drain water cannot 
be the source of the nitrate. It is easy to suggest various explan- 
ations and remedial measures as applied to individual cases, espe- 
cially if they are simply suggested explanations without regard to 
a wider range of facts, or suggested remedies never to be taken 
seriously as the basis of acts. ‘The facts in such cases as have 
just been cited do not support these suggestions nor commend 
these remedies. Drainage, for instance, so far is I know, has 
given in these cases mostly disappointing results. Cases Nos. 8, 
13, I5, 24 and 25 can all be interpreted in this sense. Apropos to 
this point I may mention the statement of a field agriculturist in 
answer to mv question relative to the general results obtained by 
drainage; his answer was that they were generally more or less 
disappointing. We have cited two instances, Nos. 8 and 9, in 
which nature has made a perfect application of this remedy and it 
proved wholly inadequate to ward off or to mitigate the evil. I 
know of no more intense instance of this trouble than is presented 
in Case No. 9, while Case No. 8 is very bad. In the latter case 
the sticcessive owners have combated the trouble persistently for 
about seven years. ‘They have tried the application of extremely 
large quantities of manure, frequent and thorough cultivation, also. 
frequent and excessive irrigation in the endeavor to wash out what 
they thought to be black alkali. Prior to 1904 there was no 
trouble with this portion of the field; it was as good and as pro- 
ductive as the rest of the land, but from that time on it has been 
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bad and has slowly grown worse during the time that I have had 
it under observation. 


It may be wise to state that it is not intended that any one 
should infer that I doubt the value of drainage in removing ex- 
cessive water from land, but simply to state that at the present 
time I do not believe that we have much reason to hope for any 
material relief from this trouble by drainage, even in cases of 
comparatively low lands, while it is wholly out of the question in 
cases of high or naturally well drained lands. If these lands could 
be kept covered with water to a depth of several inches, twelve or 
more, for a number of days and then be thoroughly drained out 
the aerobic bacteria might in this way be killed off and the excess 
of nitrates removed ; but this could be applied to small and favorably 
located areas only; the costs would be heavy and the permanéncy 
of any beneftt doubtful. This, however, has not yet been tried. 


Cases Nos. 8 and 24 of this bulletin and No. 3 of Bulletin 155 
present the facts relative to what we may hope from flooding or 
persistent washing of the soil more fully than any others that have 
come under my observation. Case No. 8 is particularly instructive 
because the drainage is apparently perfect and it received twelve 
profuse irrigations in the season of I909, and yet in 1910 the 
puffed and mealy condition of the soil was as bad as I had ever 
seen it and the surface soil was very rich in nitrates. ‘The effort 
made in 1909 to wash out this soil was apparently futile, and we 
have shown by analyses of the soil, of alkali and of the ground 
water from adjacent lands that these nitrates do not come from 
these sources and the nitrates found in 1910 do not represent a 
resupply from this source. ‘There is no question but that these 
nitrates can be temporarily washed out of the soil, but they were 
as abundant, if not more so, in 1910 than they were in 1909 when 
the land was irrigated twelve times in the endeavor to wash out 
the “black alkali.” I have presented in Case No. 24 an analysis 
of a sample taken in June which, as I take it, represents the salts 
present in the surface soil under ordinary conditions; also of a 
second sample taken in September, because this ground was 
flooded twice in the month of August, once to a depth of two feet 
which required 24 hours to flow or drain off. ‘The easy solubility 
of the nitrates makes it a matter of surprise that we should find 
about a month subsequent to the last flooding not only so large 
an amount of soluble salts but also so large a quantity of nitrates 
present. Case No. 3 was given in Bulletin 155; in this case the 
owner had tried for 16 years to bring these spots under subjec- 
tion; he had plowed and flooded, but without success. I have not 
as yet seen or learned of any result obtained by flooding which 
gives any solid basis for expecting very permanent, beneficial re- 
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sults from this operation. Perhaps frequent and repeated flooding 
combined with drainage, where needed, might prove effective. 

If the nitrates are not present in the various geological strata 
and there are no local deposits scattered all over large sections of 
the state in which we may find the source of these nitrates oc- 
curring in our soils, the question, Whence do they come? is 
germane. 

The facts stated in connection with Case No. 8 are, I believe, 
perfectly applicable.to all other cases and it can be stated, without 
any material modification, that these nitrates are not the product of 
concentration of ground waters flowing from other lands as they, 
these ground waters, contain no nitrates; neither did the soil, ex- 
amined to a depth of three feet, nor the white or common alkali 
whieh was abundant on this adjacent land contain any nitrates in 
1907. Further, they are not due to the concentration of surface 
washings. 

There is one remote possibility, which so far as I know, has not 
been suggested, i. e., the water used for irrigation. While this is 
an extremely remote possibility, we can answer the suggested 
question. We have sanitary analyses of several of the river waters, 
also of reservoir waters, which are used for the purposes of irri- 
gation, and the nitrogen present as nitrates varies from a trace to 
0.400 part per million, a quantity not only too insignificant to be 
considered a factor in the problem, but so nearly zero that it shows 
that there are no nitrates in the rocks of the drainage areas of 
these rivers to which the nitrates may be traced. 

The answer that I suggested in Bulletin 155 was that these 
nitrates are formed where we find them. That the nitrogen is 
taken from the atmosphere by azotobacter and is subsequently 
changed into nitric acid, respectively nitrates, either by the azoto- 
bacter themselves or by other bacteria. So far in this bulletin 7 
have presented facts in abundance to establish the occurrence of 
very large quantities of nitrates in certain of our soils, and that the 
concentration in hundreds—I am fully justified in saying thous- 
ands—of instances, is most remarkable, but all proof adduced bear- 
ing upon their origin has been by a process of exclusion, i. e., the 
nitrates are present but they have come from nowhere, therefore 
they are formed in situ. 

In Bulletin 155 I showed by nearly 300 nitrate determinations 
that many of our soils contained very notable quantities of this — 
substance. At the time these determinations were made, October, | 
1909, we found this quantity varying from 12 to 1,920 pounds per 
acre in the top six inches of soil, calculated as sodic nitrate. ‘These 
samples were from cultivated fields in good condition which had 
been planted to beets. The highest results were obtained in the 
turn rows. a 
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I have been unable to find any more satisfactory data relative 
to the amount of nitric nitrogen in soils than was given in Bulletin 
155, page 37, based upon Rothamsted results which showed that 
in lands cultivated as bare fallow about 80 pounds of nitrogen 
were converted into nitrates in 14 or 15 months. ‘This includes 
the nitric nitrogen removed in the drain waters. If this amount 
were all present at one time and contained in the surface foot of 
soil it would amount to only 0.002 of one percent. In the top 18 
inches of another field they found in September and October 49 
pounds of nitric nitrogen. If this were all contained in the surface 
foot at a given time it would correspond to 0.001225 percent. The 
statement is made that this large amount is due to the richness of 
the soil in nitrifiable matter, showing that 49 pounds per acre to a 
depth of 18 inches was considered high, if not unusual. The ratio 
of the nitric nitrogen to the total nitrogen at any time is not given. 
It is well known that the nitric nitrogen present in soils varies 
from time to time owing to several causes, but the easy solubility 
of the nitrates makes it very probable that the amount of them 
in the surface soil will be dependent upon the amount of rainfall 
and the time which has elapsed between the last rainfall and the 
taking of the sample. The character of the soil, i. e., the readiness 
with which it allows water to pass through it, its power to retain 
the nitrates, and the evaporation which takes place from its surface 
will also influence the amount of nitric nitrogen present at a given 
time. Rainfall does not usually play the important part with us 
that it does in England or in the eastern states; if it ever does, it 
is only for short periods of time. 


The samples of soils used for the determination of nitric nitro- 
gen in Bulletin 155, pp. 38 and 39, were taken at the close of a 
wet season, that is, for Colorado. We had had 3.36 inches of rain- 
fall between September 12 and December 1, and .47 inches during 
the month of December, and yet we found a maximum of 320 
pounds of nitric nitrogen in a set of 46 samples taken between Octo- 
ber 1 and 15. ‘he samples were taken to a depth of six inches. In 
another set of 54 samples taken January 26-31, we found a maxi- 
mum of 280 pounds of nitric nitrogen in the top six inches of soil. 
It is to be remembered that these samples were from fields which 
had been planted to beets. ‘The last sample was taken from the 
turn row. ‘These quantities are so materially higher than those 
_ given for Rothamsted soils, though these Rothamsted fields had 
been cultivated as bare fallow, that we can scarcely compare them 
at all. In the case of the 80 pounds of nitric nitrogen per acre in 
the Rothamsted soils the nitric nitrogen removed by drainage has 
Deen determined and included. In these Colorado samples only the 
nitric nitrogen which was present in the soil to the depth of six 
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inches at the time the samples were taken is considered—drainage 
or greater depths are not considered. 

I have the record of a considerable number of analyses of our 
Colorado soils and they scarcely average over one-tenth of one 
percent total nitrogen which, judged by ordinary standards, can- 
not be said to be more than a fair supply of nitrogen. 

The prairie soils of Illinois, as given in their Bulletin 123, 
contain from two to four times as much, and even their subsoils 
contain more nitrogen than our surface soils. ‘The soils of Ken- 
tucky, Bull. 126, are likewise much richer in total nitrogen than 
ours. Storer, Vol. II p. 76, says that Krocker, and Payen also 
states that cultivated land seldom contains less than 0.10 percent 
of nitrogen and that they usually contain a much larger quantity. 
He states further that A. Mueller found, on an average, 0.26 percent 
of nitrogen in the surface soils poor in lime and 0.15 percent in 
their subsoils. In the surface soils of limestone regions he found, 
on an average, 0.66 of nitrogen. 

King states that the mean amount in eleven arable soils at 
Rothamsted is placed by Lawes and Gilbert at 0.149 and for eight 
others at 0.166 percent. Four Illinois prairie soils were shown by 
Voelcker to contain 0.308 percent; seven Russian soils according 
to C. Schmidt contained 0.341 percent. The average of these thirty 
is 0.219 percent. Lawes and Gilbert gave four Manitoba soils as 
containing 0.373 percent of nitrogen. MHilgard states that from 
0.1 to 0.2 percent of total nitrogen in non-acid soils is considered 
adequate. 

Our Colorado soils are non-acid soils. I have as yet, found 
but one case of an acid soil, not considering beds of peat. In 
seventy-three analyses of Colorado soils taken in various parts of 
the state twenty-two of them contain less than 0.1 percent total . 
nitrogen and fourteen contain 0.2 percent or more, leaving thirty- 
seven or a little over a half of the samples considered which con- 
tained 0.1 percent and more, but less than 0.2 percent. It is only 
a few weeks since, that an analysis of a Colorado soil was sub- 
mitted to me for my interpretation. The reason for this was that 
parties in Illinois having the purchase of a tract of Colorado land 
under consideration had a sample of the soil analyzed and as it 
contained only 0.08 percent of nitrogen or a trifle less, they, I 
understood, declined to buy it. 

Other soils from sections of this state have, according to 
reports, been found to be deficient in nitrogen and yet these soils 
produce excellent crops of corn and wheat. According to our 
analytical data there can be no question but that many of our soils, 
according to the standards adopted, are low in nitrogen but they 
produce excellent crops, in favorable seasons, 60 and even 80 
bushels of wheat to the acre, while from 35 to 50 bushels per acre 
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are common yields. The standards adopted and our analytical data 
are not in perfect harmony with the common facts of actual prac- 
tice. This has been observed by others and is not new. ‘Trained 
and practical agricultural chemists who have had years of exper- 
ience in this state, have stated to me that they had not observed 
any indication that our crops ever suffer from the lack of nitrogen, 
and they were perfectly well aware of the fact that according to 
analytical results many of our lands are deficient, or at best only 
moderately well supplied with this element. 

In regard to the ratio of nitric nitrogen to the total nitrogen 
in soils the statement that it, the nitric nitrogen, seldom amounts 
to 5 percent of the total is attributed to Warington. This may be 
taken as a maximum. ‘There is recorded in Bulletin 126 of the 
Kentucky Experiment Station, 24 analyses of soils in which both 
the total and the nitric nitrogen have been determined, which show 
that the nitric nitrogen varies from 0.0 to 1.263 percent of the 
total nitrogen present. The total nitrogen in the sample showing 
the largest amount of nitric nitrogen was 0.238 percent of the soil. 
The land from which this soil sample was taken had been set to 
tobacco which had failed. The authors, A. M. Peter and S. D. 
Averitt make the statement: “The effect of the large amount of 
nitrate was evident in the better growth of the wheat where the 
tobacco failed.” In another case in which the nitric nitrogen 
amounted to 0.826 percent of the total nitrogen the authors make 
a similar statement. “The larger proportion of nitrate where the 
tobacco was poor is to be noted here, as before, and the effect of 
this upon the wheat was very apparent.’’ ‘The authors consider 
these quantities of nitric nitrogen as large and apparently as in- 
jurious enough to account for the bad condition of the tobacco. 
In our Laboratory No. 697 we find the total nitrogen equal to 
0.080 percent of the soil, which is probably a little too low, while the 
nitric nitrogen in the same sample equalled 0.0377 percent of the 
soil or 47.07 percent of the total nitrogen. This was a sample 
taken to a depth of twelve inches. It is a very bad soil but not 
nearly so rich as some samples with which we have met, especially 
in the cases of surface samples. In Case No. 6 the surface foot of 
soil, which proved to be an exceptional one, as it was poorer in 
nitric nitrogen than the second foot, the nitric nitrogen constituted 
1.86 percent, in the second foot 1.9 percent and in the third foot 
55.3 percent. This is almost the only instance in which we find 
more nitric nitrogen in the deeper samples than in the shallower 
ones. ‘The surface soil is not included in the sample designated as 
the first foot. The nitric nitrogen in the surface portions of this 
soil, taken perhaps thirty feet north of where these soil samples 
were taken, amounts to 0.053 percent of the air-dried soil or 530 
parts per million. The total nitrogen in this surface sample was 
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not determined. Judging from results in other samples, the nitro- 
gen was probably almost wholly present as nitric nitrogen. In a 
series of 54 soil samples taken to a depth of six inches the minimum 
of nitric nitrogen equalled 1.5 percent while the maximum, de- 
barring an execptionally high one, was 17.1 percent of the total 
nitrogen. I have already cited an instance in which the nitric. 
nitrogen in the third foot of soil was equal to 55.3 percent of the 
total nitrogen, this, however, was an exceptional sample, not i 
the amount of nitric nitrogen present but in the location of the 
nitric acid in the soil. 


The nitric nitrogen in other, mostly surface samples, ranges 
from 16 to 93 percent of the total nitrogen. The latter percentage, 
93, seems extremely high but the total nitrogen was determined 
in duplicate and the determination of the nitric nitrogen was also 
made in duplicate by different parties, using slightly different 
methods of preparing the material for the determination of the 
nitric acid. The agreegent between these determinations was en- 
tirel ysatisfactory. The difference falling in the third decimal place. 
Two.samples, our No. 1054 and 1055, illustrate the great variation 
in the amount of nitric nitrogen in affected and unaffected soils. 
No. 1054 is a sample of surface soil taken to a depth of four 
inches near to a recently killed tree, while No. 1055 is also a 
sample of surface soil taken from supposedly unaffected ground 
600 to 800 feet north of the former and just outside of the or- 
chard. No. 1054 contained 0.0932 percent total nitrogen and 
0.0150 percent nitric nitrogen, or 16.09 percent of the total; No. 
1055 contained 0.0844 percent total and 0.0003 percent nitric ni- 
trogen or 0.355 percent of the total. The soil conditions were 
entirely different in these two cases though they were relatively 
close together. 


Fixation—In Bulletin 155 I presented the fact, ascertained 
by Professor Sackett, that the aqueous infusion of some of our 
soils induced a very marked fixation of nitrogen, the maximum 
given at that time being 13.02930 milligrams in 20 days for each 
100 ¢c. c. of mannite solution. The questions pertaining to the 
relation of the azotobacter to fixation and nitrification may be 
worked out in detail by Professor Sackett, but I have endeavored 
to determine the practical facts on a large enough scale to be con- 
clusive so far as these processes in our soil are concerned. For 
this purpose I took five portions of soil of 1,250 grams each. The~ 
moisture content was determined at 100° and boiled, distilled 
water added to make the total water equal to eighteen percent of 
the moist soil. The weight of the dish and soil was determined 
and noted in order to be able from time to time to add water 
enough to replace loss due to evaporation. At the same time 
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samples of the soil were brought to a thoroughly air-dried con- 
dition and the total, and also the nitric nitrogen determined. Four 
of the large dishes with their charges of soil were placed in an 
incubator and were kept at a temperature of about 29° C. for 27 
days, when a sample was removed from each dish for examina- 
tion. The fifth dish was covered and placed in an unused room. 

Two of the four dishes placed in the incubator were inoculated 
by the addition of 25 grams of another soil in which the total and 
nitric nitrogen was determined, because a culture test made from 
the sample of soil taken for this experiment gave unsatisfactory 
results, as no proper membrane was formed, only a few gelatinous 
masses at the edge of the culture medium. I feared that I would 
have to collect other samples of soil and repeat the experiment, as 
I had already had to do once, for the first sample of soil that I 
gathered for this purpose, though it was very rich in nitrates, 
seemed to contain no living bacteria which Professor Sackett, on 
whose judgment I relied, was willing to accept unqualifiedly as 
virile azotobacter. This precaution, however, proved to be un- 
necessary, for a sample of soil taken from the fifth dish, on the 
thirteenth day of the experiment, gave a very heavy membrane 
in four days. The soil in this dish had already begun to show a 
change of color on its surface at the time this sample was taken. 
The membrane in the culture flask began to show brown points by 
the eight or ninth day. This fifth dish had been kept in a south 
room where for part of the day it received the sunshine, modified 
by a screen of paraffined paper. We have five dishes, each con- 
taining originally 1,250 grams of soil with eighteen percent of 
moisture. On the twenty-seventh day I removed from each dish 
170 grams of the moist earth, brought it to a thoroughly air-dried 
condition and made nitrogen determinations in triplicate on each 
sample. I have mentioned five samples, but I added another, i. ¢., 
a sample of the original soil which had been put into a show bottle 
while moist and allowed to stand in the room. If moisture, air and 
an equitable temperature be the requirements for the fixation of 
nitrogen I could see no reason why I should not expect an increase 
in this sample as well as in those placed in the incubator, perhaps 
not so great an increase, but still an increase. Samples A, B. C 
and D were put into the incubator, sample E was moistened and 
kept at the room temperature and F was the original sample in 
its moist condition. 

The original soil, thoroughly air-dried, gave 0.105875, 0.11000 
and 0.105875 percent of nitrogen, average for total nitrogen 
0.10725 and 0. 0035 percent of nitrogen as nitrates, equal to 3.263 
percent of the total. 
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Percent total nitrogen Milligrams gained 
at the end of 27 days. per 100 grams 
soil in 27 days. 


Sample A gave 0.11688 
0.11688 Average 0.11779 10.54 
0.11963 


Sample B gave 0.11550 
0.11688 Average 0.11688 9.63 
0.11825 


Sample C gave 0.11413 
0.11413 Average 0.11413 6.88 
0.11413 


Sample D gave 0.11550 
0.11413 Average 0.11504 Hates) 
0.11550 


Sample E gave 0.11275 
0.11275 Average 0.11321 5.99 
0.11413 


Sample F gave 0.11275 
0.11130 Average 0.11207 4.82 
Lost : 


The fixation obtained and given in Bulletin 155, p. 46, is 
given for each 100 c. c. of the culture medium. In order to make the 
figures easily comparable we have given these results in milligrams 
per 100 grams of soil. The soil experimented with was simply 
a good, arable soil collected from the College farm at or near a 
point where I had observed the development of brown patches. It 
is not one of the soils in which we have observed excessive quaii- 
tities of nitrates but even here the nitric nitrogen amounts to 3.27 
percent of the total. The quantities fixed in 20 and 30 days in 
a mannite solution inoculated with an infusion of 10 grams of soil 
ate exhibited in the following table along with the fixation ac- 
complished in these samples of soil in 27 days. The inoculation of 
the two samples seems to have made no difference whatsoever. 


NITROGEN FIXED 


Milligrams in 100 cc. Mannite-Solution Sample In 100 grams of 

in 20 days in 30 days soil in 27 days 

HAM ple: Lise eee 0.00000 1.05075 A 10.54000 

Sern eol o) Keen ee Sere OO 1.19085 0.56040 B 9.63000 

DAD DIO Oa ce seisn a euielate 3.08220 3.438245 C 6.88000 

Sample: 45.5 site soem 6.16440 12.46890 D 7.79000 

Samplede 5 hues muse 0.84060 3.08220 E 5.99000 

SAE PLOMO.. &: Pitas ec cnseens 0.77055 3.57265 Fr 4.82000 
DAMUDIOGMe x aka etree 3.50250 3.01215 
Sample "Sa swe se le 2.38170 2.87205 
SaAwUple Oe weiiten soit. 13.02930 10.15725 


All of the ordinary analytical precautions were taken and 
the nitrogen obtained in the blank test, also run in triplicate, has 
been deducted. Each of the seventeen separate determinations 
made on these six samples show a decided increase in the amount 
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of nitrogen. In this climate I find that the thoroughly air-dried 
material presents almost as good a basis for comparison as is pos- 
sible for us to get, which would not be the case in a humid atmos- 
phere. 

When we consider the nitrification we find equally interesting 
results. As already stated, this sample of soil contained at the 
beginning of the experiment 0.0035 percent of nitrogen as nitrates, 
on the twenty-seventh day of the experiment the various samples 
gave the following: 


NITRIC NITROGEN IN SOIL SAMPLES INCUBATED FOR TWENTY- 
SEVEN DAYS. 


Percent in Soil Percent of Gain 
SENT CHG is Cha eee ee Ree as eet 3/3 0.0055 54.29 
SLIT OME eiy asa as eaalat ores een eee 3/3 0.0057 62.85 
‘SEDI OG Sig een et er ee Ia, OR ICIoE a 3/3 0.0060 71.43 
SS AU LG me) ee vaslndcuai ewes oten tie etree oie 3/3 0.0065 85.71 
AUG wes 2 oar anemia wncecicte cena 3/3 0.0036 SSS 
OID LO Ut penn ai tee arian alae cone te 3/3 0.0043 22.85 


These results show clearly that both fixation and nitrification 
took place in all of the samples except E,, in which nitrification is 
insignificant or zero, while the fixation amounted to 5.99 milli- 
grams per 100 grams of soil. At one time one of the dishes in the 
incubator smelled distinctly of butyric acid, but this odor disap- 
peared within a few days and all of the dishes had the pleasant odor 
of fresh soil when the samples were taken out of the dishes. 

The remaining portions of the samples, after having been 
thoroughly wetted with boiled, distilled water were returned to 
their original positions and only a little more water, not weighed, 
added till the forty-eighth day when this series of experiments was 
terminated. Four of the dishes were replaced in the incubator. 
One dish was covered and placed at the bottom, the other three 
dishes were not covered as in the first period except as each suc- 
ceeding one served as a cover for the one next below it. The top 
one of course was without any cover. ‘Two beakers, containing 
water, were also placed in the incubator to aid in saturating the 
atmosphere with moisture and to lessen the evaporation from the 
soil. ‘The moisture in the samples on the forty-eighth day was 
determined and found to be for A, 13.5, for B, 14.5, for C, 170% 
and for D, 20.0 percent. ‘These are the four dishes placed in the 
incubator. Sample E, which was kept in a covered dish at the 
temperature of the room, contained 17.5 percent of water. The 
moisture in sample F, which was the original soi! kept in a show- 
bottle, was not determined. 
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Percent of total nitrogen in soil at Milligrams nitrogen gained by 
the end of 48 days. 100 grams soil in 48 days 

12276 

.12144 Average 0.11968 12.43 

11484 


11484 
11748 Average 0.11748 10.18 
12012 


11616 
11880 Average 0.11792 10.60 
11880 


11484 
.11748 Averege 0.11660 9.30 
.11748 


11616 
.11880 Average 0.11924 12.00 
12276 


11484 
11356 Average 0.11529 7.99 
0.11748 


WH wrr wrk WHE wHH wrorH 
es ose coos OSS sos oss 


Sample E, which contained 17.5 percent of water at the end 
of the experiment and had received direct sunlight every day, 
developed quite a growth of algae, showing on the surface as green 
and brown spots. These proved to be, for the most part,oscillaria 
and diatoms, which became very evident in a culture of these made 
on sand. The incubator samples of course showed no growth of 
this sort, but sample A made even a larger gain in total nitrogen 
and the same gain in nitric nitrogen as sample E, on which the 
algae grew. So it is not clear whether the algae exercised any 
influence upon the result or not. The gain in both total and nitric ~ 
nitrogen was, however, much more marked in sample E, during — 
the second period of the experiment than in any other sample dur- 
ing this period. The order of the samples in regard to gain during 
the second period is E, C, F, A, D, B, but in no case had reverse ~ 
changes set in to such an extent as to wholly conceal the increase. 
It is, perhaps, unfortunate that I did not extend the examination 
of the soil to include the ammoniacal and nitrous nitrogen at the 
beginning and end of the experiment as well as the total and nitric 
nitrogen. 

Returning to the increase of total nitrogen in the soil it may 
be well to state it in terms of perecntage, calculated on the amount 
of nitrogen originally present. Such a statement gives us for A, — 
11.589; E, 11.188; C, 9.883; B, 9.492; D, 8.671 and for F, 7.4408 
percent. The maximum gain calculated on the amount of nitrogen q 
present at the beginning of the experiment is 11,589; the minimum 
7.49 and the average for the six samples is 9.712 percent. 

The gain of the total nitrogen in the case of sample F, is 
worthy of special note. This sample was the original just as it 
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was gathered and put into a round bottomed bottle loosely closed 
with pieces of paste board and allowed to stand in the room where 
the sun shone on it part of the day. In this case we find a gain 
of 7.99 milligrams for each 100 grams of soil in 48 days, equal 
to 7.449 percent of the nitrogen originally present. In this con- 
nection an observation made in 1900 is interesting. The observa- 
tion is noted in Bulletin 65, p. 45, and raises this question of the 
increase of nitrogen in samples kept in the laboratory for some 
time, in the case mentioned, fifteen months, though air-dried, 
bottled and corked but not sealed. We found a gain of twenty- 
eight pounds of nitrogen per acre-foot, too small to be conclusive. 


Nitrification — The original sample contained nitric nitrogen 
at the beginning of the experiment equal to 0.0035 percent, and 
at the end of forty-eight days, the samples contained the following 
amounts : 


Percent nitric nitrogen in soil at Gain in percentage of nitric 
end of 48 days. nitrogen originally present 
in 48 days. 
1 0.0060 
ARTE? 0.0060 Average 0.00600 71.43 
3 0.0060 
1 0.0060 
B 2 0.0060 Average 0.00587 67.71 
3 0.0056 
i 0.0080 
Cre, 0.0070 Average 0.00750 114,24 
3 Lost 
1 0.0080 
2 0.0090 Average 0.00833 138.00 
3 0.0080 
1 0.0060 
H 2 0.0060 Average 0.00600 71.43 
3 0.0060 
1 0.0040 
Bax? 0.0040 Average 0.00417 19.15 
3 0.0045 


These tables show beyond a question that both fixation and 
nitrification have taken place, the former in far greater degree in 
absolute, but the latter in an even more marked degree in relative 
measures. In two samples the nitric nitrogen has much more than 
doubled. 

All of these samples except F had become decidedly darker 
on the surface than they were at the beginning. 

We have in these samples the reproduction of the main feat- 
ures presented in our fields, the production of nitrates, the fixation 
of nitrogen and the browning of the surface soil. The water con- 
tent of the samples was chosen at about 18.0 percent because my 
observations in the field have led me to the conclusion that the 
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optimum amount is probably below rather than materially above 
this percentage. The determination of the optimum amount of 
moisture under specific and varied conditions would be interesting 
but is a detail not included in the general features which I am 
endeavoring to present. We have the maximum nitrification in 
the sample containing 20 percent of water at the end of the experi- 
ment. My judgment is that this amount had scarcely varied at all 
during the experiment. On the other hand we have the maximum 
fixation in the two samples containing 13.5 and 17.5 percent re- 
spectively. ‘These results may be accidental but they agree well 
with my observations in the field. The amount of fixation, how- 
ever, is quite uniform and the addition of water, at least up to 
17.5 percent has clearly promoted it. 

The chemical composition of this soil is fairly represented by 
our Laboratory Nos. 724 and 725, representing the soil and sub- 
soil from a portion of this same tract. ‘These analyses were givea 
in Bulletin 155, p..36. 


ANALYSES XCII : XCIII 

Soil Subsoil 
Laboratory Laboratory 

No. 724 No. 725 
Percent Percent 
EAM SOLIPTO Sei So s:ccckes) cee ho See 2 04.653 57.068 
STTCIGUE A GIG a eee Na kat oo. Pei ee ee 19.805 12.754 
SUIMMIC GACT] is, setewaeoneneel artes Cie eet 0.047 0.049 
CON GU OS Gabe eAe eed eR Seay ain coms, PRM. Alen ky Pai amp ati 0.032 0.059 
PHosphorie: Acids seh is. 2 sce e ceeds © eee 0.120 0.127 
Carboni Pacida ai.cg ais wie eanneeea eros 8.048 6.312 
JUAN ST ay Boh RRA MS ES) AERA: PEER AE ast She 6.100 8.465 
DUT STS STA en. elslsccvie in Gan etc eter Rae uate ee 1.355 1.448 
Sodie OXid) [spas ence pace epee ease nee ae 0.290 0.432 
POtASsiC! “ORTGN ohne ees keene seeder a eames 0.872 0.742 
MOLIICT OXI on per hey Perea ease eae 5.601 3.499 
Alu MIMIC TOXIG Fs ara cie «ks cis ee acaee neaen eee 3.738 5.397 
MAT SaANL Ca OXLGIe cer. pce see eeciene elena eee 0.118 0.026 
PE MTELOM aii sis, tg aca vay aha carga on heste enTeas teeeiae 5.072 3.887 
SUA tise cvs rebece ace Rawane Seqsale aba. > ee eedeee in eaten 100.851 100.265 
Oxygen eqitiv: to chlorini.... 2.4... 1.5.6 0.007 0.013 
ANC) os late eet Fk eae ch BU cyt haat ot cre 100.844 100.252 
otal Mnitror eng inks wath cee creates 0.147 0.069 
EVUTYN TLS sec ae aatal re A Sa Wey on erate Red ae Sea 0.426 —_- 


While these analyses are not made on the soil actually used 
they serve to represent its composition as well as a sample taken 
in any fair-sized field may represent its soil. 

The amount of nitrogen fixed is very large and seems incred- 
ible. Taking 10.54 milligrams as the quantity fixed in 100 grams 
of soil in twenty-seven days and calculating the amount that would 
be fixed in the top two inches of the soil per acre, we have 937 
pounds, or for an acre-foot 5,622 pounds, equivalent to about 17.5 
tons of proteids (N x 6.25) per acre-foot, a quantity which seems 
extremely large, but this is the result actually obtained. 
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The maximum gain in nitric nitrogen calculated per acre- 
foot per annum corresponds to five tons of sodic nitrate. 

Perhaps emphasis should be laid on the fact that these soil 
samples experimented with were, as stated, samples of an ordinary 
soil collected from the College farm at or near a point where I 
had observed the brown color which serves me as a guide and 
which I suggested was probably due to the brown azotobacter pig- 
ments. Further, that nothing was added to the sample except 
distilled water which had been boiled to expel any trace of ammonia 
that it might contain. 

However puzzling the facts may be they are simple; the 
nitrates are present in large quantities in areas scattered over 300 
to 400 square miles as a conservative esitniate. ‘hese occurrences 
of nitrates are independent of geological horizons and do not owe 
their origin to the neighboring or surrounding country. Nitrates 
occur in some lands surrounded by others in which nitrates do not 
occur. They are not present in the alkalis or the ground waters 
occurring in these surrounding lands; again, they occur on elevated 
mesas at such heights and under such conditions of location, that 
they could not be accounted for in this way, i. e., as concentrations 
from other lands. On the other hand we have shown that both 
fixation and nitrification take place in our soils, in a notable degree, 
and we have every reason to believe, because of the observed intense 
local developments, that our results, obtained with the samples of 
soil from Fort Collins, are much less intense than those actually 
produced in many localities. I know that there are questions un- 
answered, but it seems to me that it makes little difference to the 
facts, whether we know whence comes the energy which is assumed 
to be the sine qua non for the development of azotobacter or not, 
the fact is, they do develop. In our case a culture test at the 
beginning of our experiment gave unsatisfactory, but not absolutely 
negative results; another sample taken from one of the dishes, not 
inoculated, after a period of 13 days gave in four days a very 
strong membrane. The two samples were in no way comparable 
in their development. There were positive indications on the sur- 
face of the soil in the dish that it was becoming brown before we 
took the second sample. The rapid and profuse growth of azoto- 
bacter in the culture medium indicated either a very greatly in- 
creased abundance of the bacteria themselves or an immensely 
increased virility. ‘The question of whether the azotobacter both 
fix the atmospheric nitrogen and convert it into nitric acid, re- 
spectively nitrates, or whether this latter work is done wholly by 
another genus or other genera of bacteria 1s, perhaps, a question 
to be settled—but, be it settled as it may, our facts remain the same 
that we have instances of the accumulation of very large quantities 
of nitrates in our soils always associated with the brown color which 
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we know to be caused by the azotobacter. I believe, and this 
belief is based upon tentative facts, that the azotobacter are at the 
same time nitrifiers, i. e., that the possess a double function which 
I believe has already been asserted but not generally accepted. I 
will state that Professor Sackett is not in any way responsible for 
this view and I do not know his attitude on this specific subject. 
These matters of theory and function are open ones but the fact of 
fixation of nitrogen and the formation of nitrates in our soils to 
such an extent as to kill fruit trees and ruin the land are estab- 
lished ones. 

I expect to present another bulletin in the immediate future 
dealing with another phase of the subject, i. e., the general effects 
of the nitrates upon the sugar beet, which will also continue these 
soil questions. 


SUMMARY 


The problems presented involve the occurrence of nitrates in such 
unusual quantities, that I may say, I hope without offence, that even the 
oldest and most experienced men have not seen the equal of it and have 
no conception of the facts. 

These nitrates occur so abundantly on very many square miles of 
otherwise good land as to be either prejudicial or fatal to vegetation. 

The apple tree has practically been adopted in this and preceding 
bulletins as the criterion whereby to judge of the intensity and extent of 
the injurious effects of the nitrates, though other trees and crops, espe- 
cially the sugar beet, have been mentioned. 

The damage done to apple orchards in this state is very serious. If 
we should estimate the trees killed within the past two years as equivalent 
to six hundred acres of orchard I believe that it would be a conservative 
estimate, 

These injurious effects of nitrates in cultivated soils are so new and 
so extensive that we cannot wonder that the layman or even the scientific 
man who has not seen them, fails to grasp them as facts or if they do and 
realize their importance, that they hesitate to acknowledge it. 

The trees all die in the same manner. This applies to the apple, pear, 
peach, apricot, willow, elm, cottonwood and other poplars, and to vegeta- 
tion in general, 

Experiments were made with sodic nitrate by applying it to apple 
trees, when it produced the same effects on the leaves and killed the trees 
in the same manner as these orchard and shade trees are observed to die. 

This series of experiments, eight of them, was not repeated because 
the results were concordant and conclusive. Experiments were also made 
using sodic chlorid, common salt, in sufficient quantities to injure the 
foliage. The effects were unlike and easily: distinguished from those 
produced by sodic nitrate. 

The manner of attack, the effect produced and the very rapid termina- 
tion of the trouble in the death of the trees indicate the action of the 
same cause. 

The identity of these effects with those produced by sodic nitrate, and 
the presence of very unusual quantities of nitrates in all of the soils 
where this trouble is met with are accepted as conclusive proof that the 
nitrates are the cause of it. 

No attempt has been made to determine the limit of tolerance of the 
apple tree or other plants for nitrates. It has, however, been observed 
that an established. beet plant can endure immense quantities of them, 
but not without deterioration in quality. 

The problems presented are not those of ordinary alkali, nor of 
seepage, nor yet of the occurrence of nitrates produced in the soil by 
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nitrification as generally understood, but their occurrence in unusual, 
detrimental and fatal quantities, over areas measured by the square mile 
of territory. 

The nitre question presents a distinct problem whose relation to the 
problems of alkali, seepage and drainage is not so intimate as is indicated 
by the statements made in Bulletin 155. 

The statements of Bulletins 155 and 160 in regard to the cause of the 
“brown spots,’ the character of the salts present, their fatal effects upon 
vegetation and their extremely deleterious action upon the soil are cor- 
roborated. 

The spread of the trouble during the year 1910 was very marked. 

The intensity of the attacks has increased rather than abated. 

Some instances of a very rapid development combined with extremely 
intense action have been observed. In one fourteen-year-old orchard not 
less than twelve acres of trees, apple, plum, pear and cherry, together 
with currant bushes and other small fruit have been killed in less than a 
year. The water table in this land was not, at any time, near enough 
to the surface to do any damage. 


No single instance of the death or eradication of a brown area, a 
nitre spot, has been observed; but the interior of such areas has been 
found so excessively rich in salts that the ground has become barren, even 
of the azotobacter flora. 

This deportment of the bacteria suggests the probability that the land 
may again become fertile after a few years, in fact, varieties of Atriplex, . 
saltbushes, are already taking possession of land which has been devoid 
of vegetation for several years. 

The drainage in several of the cases given is excellent, in other cases 
drains have been laid for periods of from one to five years without pre- 
venting the formation of nitre areas. 

Trees badly affected by this trouble show almost no recuperative 
power, probably due to the continued excessive supply of nitrates in the 
soil, possibly to the severe toxic action of the nitrates. So afr as our ob- 
servation goes both factors seem to be involved. Slightly affected trees 
may recover but no badly affected tree has been observed to do so, 

The generally observed change in the soil, indicating danger to the 
trees, is a turning brown of the surface which is expressed by the state- 
ment that’ ‘‘The soil turned brown or black and the trees died.” 

The samples of brown soil have, without exception, contained ex- 
cessive quantities of nitrates. 

The color is not due to the nitrates nor to sodic carbonate or black 
alkali proper but to the development of pigments by the azotobacter. 
This applies to the soils here described. Some soils may have a brown 
color due to other causes. ; 

This condition is usually preceded and accompanied by a mealiness 
of the soil, often described as ashy. There is usually but little or no 
efflorescence on such soils, though it sometimes occurs. ; 

The time required for the killing of a tree varies with the virulence 
of the attack, in bad cases from four days to two weeks. Slightly affected 
trees may linger a long time. ; f 

These fone may occur in perfectly drained land, situated in the 
midst of land which shows no abnormal quantities of nitrates. 

In one case, and possibly in others also, injury to many trees followed 
the application of water, probably due to the washing of the nitrates down 
in he soil. 2 
ae aw river waters used for irrigation, whether stored or not, contain 
no unusual quantities of nitrates. as : : 

$ w phe ae white alkali that commonly occurs in these sections is, 
for the most part, free from-nitrates, but the brown and white areas 
ntly overlap. 
Tene Parad Beaters: unless derived from nitre areas, are free from 
nitrates and these nitrates cannot be accounted for by the evaporation of 
such water from the surface of these areas. 
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In some sections practically the whole of the irrigated land has been 
affected, thus eliminating the question of transportation except as to the 
river water used for irrigation, Our river waters carry from 0.00 to 0.4 
part per million of nitrogen as nitrates. 

The localization of these areas and the rate of increase also preclude 
the theory of transportation and concentration. 

Excessive irrigation for the purpose of washing out the “black 
alkali,’ nitrates, has not been successful, but this failure has probably 
been due to the method used. 

The liberal application of manure has not given permanent, if indeed, 
any relief, 

Thorough and frequent cultivation has not been followed by the 
beneficial results expected. 

The soils of Colorado are, generally speaking, poor in nitrogen, but 
the ratio of nitric nitrogen to the total nitrogen is frequently very high, 
17 to 50 percent being not uncommon. 

The nitrogen in these soils is fixed by azotobacter which use the 
nitrogen in the air to build up their tissues. 

The fixation of nitrogen, in a sample of ordinary soil from the College 
farm, collected December 12, 1910, on incubation for twenty-seven days, 
was found to have taken place at the rate of 5,222 pounds of nitrogen, 
equal to 17.5 tons of proteids per acre-foot of soil per annum. 

The nitric nitrogen present in this soil at the beginning of the ex- 
periment corresponded to 840 pounds of sodic nitrate per acre-foot of 
soil; this had increased in 48 days to 1,999 pounds as a maximum, a gain 
of 1,159 pounds which would give, if this rate were continued for a year 
of three hundred and sixty days, a gain of 8,676 pounds, or four and a 
third tons of nitrates per acre-foot of soil. 

The incubated samples, with but one exception, showed a darkening 
of their surfaces. 

No addition of anything except boiled, distilled water was made to 
these samples before or during incubation. A large bottle was partially 
filled with some, approximately eight pounds, of the original sample just 
as it was collected. This bottle was loosely stoppered, inverted and kept 
in a room where the temperature was fairly high and even. This soil 
was analyzed just as the incubated samples were and showed a decided 
inerease in both the total and nitric nitrogen, 7.45 and 19.15 percent re- 
spectively. : 

. Fixation takes place rapidly in this soil in the presence of from 13.5 
to 20 percent of water. The rate of fixation of nitrogen obtained is suffi- 
cient to account for the nitrates found in thé soil provided that it is 
nitrified. 

The rate of nitrification obtained is sufficient to account for the 
formation of the nitrates found, in most cases if not all of them. 

The brown color of these soils is due to pigments produced by the 


azotobacter, 
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BACTERIOLOGICAL STUDIES OF THE FIXATION OF 
NITROGEN IN CERTAIN COLORADO SOILS. 


By Walter G. Sackett. 


Somewhat over a year ago, Dr. Headden called my attention to 
the extremely large quantities of nitrates present in certain Colorado 
soils, stating at the time that these nitrates were frequently associated 
with a brown discoloration of the soil, and that this color was often 
confined to well defined areas varying in size from three feet in di- 
ameter to an acre or more; furthermore, that these so called “brown 
spots” were not fixed, inert quantities related to’some recognized’ geo- 
logical formation, but that they were alive, and in the process of mak- 
ing as evidenced not only by the rapid progress with which the then 
existing spots were spreading, but also by the almost continual appear- 
ance of new spots both in old and new localities. ‘wee 

Dr. Headden has been studying our alkali soils and drainage 
waters for the past sixteen years, and he tells me that complaintsof 
“brown spots on which nothing will grow” have been common, but 
more so during the past five years; reports have been«received from 
the cantaloupe growers that their melons are deteriorating in quality 
without any assignable cause; truck gardens, alfalfa, oat, barley. and 
sugar beet fields have been developing barren patches where a uni- 
form stand was always obtained in former years; in some parts of the 
state, the sugar content of the sugar beets as well as the purity and 
tonnage have fallen off until it is a ponderous question with the farm- 
ers and sugar factories whether the growing of sugar beets in those 
localities is any longer a profitable industry; but equally ‘serious, if 
not even more so than any of these, is the destruction which is being 
wrought in some of the apple orchards of Colorado, Newly set trees, 
trees that have just come into bearing, and trees that are fifteen to - 
twenty-five years old, in fact, trees: of all ages, seem to suffer alike. 
It is not an isolated tree here and there that has died, but thousands, 
representing many acres of orchards in widely separated districts, have 
perished during the past two seasons. 

When one is brought face to face with facts of such tremendous 
economic importance as these, he can scarcely fail to be impressed 
with the deplorable condition of affairs, and is forced to the position 
that something out of the ordinary is taking place, and that it is not 
without a cause. ; 

With reference to the occurrence and distribution of the nitre 
areas, Dr. Headden gives the following in Bulletin 155 of this station: 

“This trouble was not confined to any one section, but was com- 
mon to several sections of the state. While it, in all probability, de- 
pends uvon soil conditions, these conditions are met with in so many 
places that it is necessary to consider the condition rather than the soil 
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itself. It sometimes occurred in light and sandy loams, and _ some- 
times in clayey soils. It is sometimes in comparatively low lying 
lands, again in the low lying portions of higher lands, and again on 
the hillsides. The road side, a ditch bank, and the cultivated fields 
represent the range of places in which this thing may reveal itself. 
There is one thing common in all of its occurrences, namely, a brown 
color in the surface soil. This color is less marked in the sandy soils 
than in the so-called adobe soils. Perhaps this is due to the presence 
of the deliquescent salts on the surface of the adobe soils, or more 
probably to the color of azotobacter films.” 
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Fig. 1. Nitre area in an orchard showing the characteristic dark spots. 
Sample No. 30. 


“We find the nitrates present in soils, where there is a great deal 
of moisture, but in places where there is too much water, the nitre 
does not appear. In little valleys and saucer shaped depressions in~ 
which the lower portions are too wet, there is no visible alkali, then 
follows a zone where white alkali abounds and above this the nitre is © 
formed. I do not mean to say that there may not be nitre mixed with — 
the white alkali, but that the nitre in such cases appears on higher | 
ground than that on which the white alkali usually appears. Further-_ 
more, it is not intended that anyone shall infer that it is only in val- 
leys and depressions that the nitre occurs.” ; 
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In driving through those districts which are suffering with this 
trouble, the most striking feature to one not conversant with the symp- 
toms is the brownish, black and, to all appearances, wet condition of 
the soil. This can be seen along both sides of the travelled road, and 
often extends to the irrigating ditch, or fence on either side, and into 
the adjoining fields. I think of nothing which describes the color 
better than the appearance of soil where crude oil has been spilled, 
as is done frequently in orchards where oil pots have been used in 
heating, or, if you please, where the roads have been sprinkled with 
oil. A typical case of this sort is illustrated in Fig. 1, page 4. 
Considerable disappointment is experienced, however, when this black- 
ened surface soil is examined for it is often found to be a dry crust, 
rather than. a wet one, one-fourth to one-half inch in thickness, under- 
laid with one or two inches of material of a very mealy character, be- 
neath which the soil looks like any other soil. Sometimes the surface 

18 sO moist as to be slippery, due, probably, to the presence of quan- 
tities of deliquescent salts. As one walks over a field in this condi- 
tion and breaks through the hard crust, the sensation experienced has 
been likened to walking on corn meal or ashes. 

Concerning the condition of the soil met with under the mealy 
layer, I can not go into details since Dr. Headden has treated this 
phase of the question very fully and completely in his publications, suf- 
fice it to say that free water is seldom found nearer to the surface 
than five feet, and in most cases the soil is in what would be consid- 
ered a nice moist condition; again in the heavier lands, we may expect 
and do find them rather sticky near the surface and of a gumbo char- 
acter as the water plane is approached. 

The brown color often appears on the banks of the irrigating 
ditches, eight to ten inches above the level of the water, and along the 
upper edge of the irrigation furrows. Extending lengthwise of these, 
it manifests itself a few days after irrigation as broad bands of pig- 
ment which might easily be mistaken for manure stains, so far as color 
is concerned, especially if the field or orchard had been fertilized re- 
cently. It is*not uncommon to find large tracts of land where the ni- 
trates have become so abundant as to be deleterious to the crops, yet 
no discoloration is apparent on the surface. It is difficult to say in 
such instances whether no color is being produced or whether it is 
developing so gradually and uniformly that it can not be detectec 
readily. j 

The economic outlook of this problem is, indeed, a serious one. 
Bushels of wheat have been planted on heavy nitre soils, and if it ger- 
minated at all, only a very small percentage ever came through the’ 
ground. Oats and barley have suffered the same fate. Corn has 
germinated in some fields, and made a sickly, yellow growth of six 
inches to a foot and then died. Sugar beets, if they grew at all, have 

gone to tops, while the roots have taken on all sorts of abnormal, ir- 
regular shapes, typical “tub-beets,” to say nothing of the inferior qual- 
ity of the beet from the sugar standpoint. Dr. Headden has collected 
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a great deal of data on this point which will be presented by him in 
due time. The money loss to the farmers in seed alone has amounted 
to thousands of dollars. But the orchardist has been unquestionably 
the heaviest loser, for not only has he been deprived of the crop for 
the current season, but he has also lost the trees upon which he is 
dependent for future crops, at least we have yet to see a single tree 
which has shown any indication of recovery. Added to this and 
worse than all, perhaps, is the utter worthless and hopeless condition 
of his soil for agricultural purposes. The apple, cherry, apricot and 
plum, all appear to suffer about equally, while the pear and peach, 
thus far, have exhibited marked resistance, the peach having been 
observed to suffer least of all. 


The symptoms of excessive nitre in the soil as manifested in apple 
trees are so characteristic that it may be well to describe them briefly 
in passing. ‘The first indication is the firing or burning of the leaves 
along the margins, beginning at the apex, extending rapidly along the 
edge, inward toward the midrib and downward toward the base until 
the entire leaf. has turned brown. ‘There is no occasion for anyone 
who is familiar with the yellowing of foliage due to lack of proper 
drainage to confuse this with the nitre burning, for the appearance of 
the leaves in the two cases is entirely distinct. Whole trees have been 
known to undergo this transformation in less than three weeks time. 
In fact, Dr. Headden reports having killed a four-year-old tree in an 
experimental orchard in four days by applying twenty pounds of ni- 
trate of soda around the roots and then irrigating at once to bring the 
nitre into solution. In reference to the behavior of this tree, he says, 
“The effects were in all respects similar to those produced in other 
orchards” under natural conditions. li the burning of the leaves oc- — 
curs early in the season, the trees will often exert a feeble effort to © 
put forth a second crop of leaves. ‘These are usually small, whitish 
leaves and inclined to be rather pubescent. Such trees, laden with 
one-third to one-half grown apples, seldom mature any fruit, and in 
all probability will be dead by spring. If the attack comes late in — 
August or September, the chances are that the fruit will mature, but — 
it will be undersized and of poor quality; no new leaves will be ex- — 
pected to appear and the old ones will cling to the twigs late into the © 
fall. ‘The following spring, it is very likely that an attempt will be — 
made at leafing out, but as stated above the leaves will be small, yel- 
lowish-white and few in number, and by the middle of the season the ~ 
tree will be dead. 


Before proceeding further, I wish to make it perfectly clear that 
- what I have said is not to be interpreted as applying to all of our — 
arable land or to more than a very small percentage. While the mat- 
ter is eminently serious, it by no means justifies the position that our 
agricultural interests as a whole are in jeopardy. Just how we shall 
meet these difficulties, and correct the trouble, we are not prepared to’ 
say at present, but we are hopeful. As our knowledge of the subject 
grows, we feel confident that remedial measures will be forthcoming: 
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in the near future. In this connection, I may say that it is my purpose 
this coming season to plant several foreign grasses, reputed to be heavy 
nitrogen feeders, on high nitre soils with the expectation of securing 
some crop which can utilize the nitrogen. 

In order that the reader can have a more definite idea of the 
amount of nitrates which have been found in some of these once arable 
soils, I am giving below a few figures on this point which have been 
furnished to me by Dr. Headden, to whom I am indebted for the soil 
analyses and many of the soil histories contained in this bulletin. 

By way of comparison, I may say that an average amount of ni- 
trate for our cultivated fields is from .000626 to .002005 per cent. 


TABLE No.1. Nitrates in certain Nitre Soi's. 


Percent Percent 
Material | Percent nitratesin nitratesin 
Source examined water water air dried 
soluble soluble soil 
Black _ spet in Surface soil two 
barley field. | inches 13.4 | 41.859 5.628 
Young orchard |Surface soil 22.466 29.114 6.54 
Surface soil two 
Young orchard | inches vi 8.23 8.173 673 
Top soil five 
Alfalfa field inches ci ee eeeitieon 33.06 2.571 
Surtace soil two 
Oat field inches 5.42 50.221 2.722 
Orchard Top soil 12 inches 6.51 43.57 2.837 
Corn and rye. |Surface soil 4.67 7.352 842 
Old orchard _ Surface soil 6.65 5.746 382 


These figures may mean more when I say that one of the above 
samples, which carried 2.873 per cent of nitrates in the surface foot, 
contained nitrates corresponding to 113,480 pounds, or 506.74 tons per 
acre foot; in another sample, taken to a depth of five inches, the area 
involved being about eight acres, sodic nitrate corresponding to 
344,000 pounds or 172 tons was found in the surface five inches; in 
the top four inches of another eight acre tract, the equiva ent of 189, 
g71 pounds or 95 tons was found. 

With such quantities of nitre in the soil as these figures indicate, 
it seems hardly necessary to look elsewhere for ari explanation of the 
death of our trees and crops. ; 

Because of other investigations which were already under way, 
| was not able to take up this very interesting question until recently, 
except to go on occasional, hurried field trips into the districts in- 
volved. Here, I saw all that had been described to me, and, I must 
confess, intensified and more serious than I had imagined. 

A very natural explanation for the accumulation of these nitrates, 
and one which may have suggested itself to the reader, would be the 
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concentration of the salts from the irrigation and ground waters in 
the surface layers of the soil. This, of course, presupposes the exist- 
ence of a nitrate bearing stratum from which to derive this salt. In 
the first place, no such stratum or bed is known to exist within the 
state or neighboring states, and, in the second place, our deep well 
waters, ground waters and surface waters contain an insignificant and 
negligible quantity of nitrate. 

That these spots are the remains of great herds of extinct animals 
which perished from some unknown cause is highly improbable, first, 
because the areas involved are too great; second, as mentioned before, 
the present spots are increasing in Size, and, third, spots are appearing 
today in localities where the trouble has never been reported before. 

For the same reasons, there is no ground for believing that these 
areas are nitre beds related to some established geological horizon. 

Unable to account for this phenomenon satisfactorily in any of the 
foregoing ways, we have been forced to the one remaining possibility, 
namely, the formation of the nitrates in situ. 

Having reached this conclusion only after a thorough study of 
all other possible causes, Dr. Headden presented the question to me as 
a purely bacteriological problem, amenable to bacteriological methods. 

Under ordinary circumstances, I should have looked to the 
ammonifying and nitrifying flora of our soils as the responsible 
agents, but the amount of organic matter in our soils, both cultivated 
and virgin, is far too small to supply the organic nitrogen required for 
the manufacture of such quantities of nitrate. Confronted by this 
nitrate monstrosity on the one hand, and by the dearth of nitrogen on 
the other, I must confess that the question was somewhat perplexing. 
However, it seemed to me that the logical method of procedure was 
to look elsewhere than to the soil for a source of nitrogen. Quite 
naturally, I turned my attention to the atmosphere. If it could be 
demonstrated that our soils had the power of fixing atmospheric nitro 
gen through the agency of Azotobacter and did fix it, I felt reasonably | 
certain that it was only a question of time until we could show that the 
ammonifying and nitrifying organisms were utilizing this new supply 
of nitrogen to build up nitrates. 

With this as a starting point, I have begun my studies on the : 
fixation. of nitrogen by Azotobacter in certain Colorado soils. 3 


Scopsé oF Present Work. 


Our studies on the fixation of atmospheric nitrogen, presented 
herein, have not been confined to fixation in solutions alone, but have 
been extended to include fixation in the soil itself. ‘Two such soil ex- 
periments are reported here, but the greater part of this data has been 
reserved for another bulletin. 2 

Extended studies on the ammonifying and nitrifying efficiency of 
these same soils are in progress at the present time, the results of whic 
will constitute the text for a future publication. 
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GENERAL METHODS. 


For determining the nitrogen fixing power of the different soils 
in solutions, we have used the mannite ‘solution recommended by 
Lipman! except that the tri-basic potassium phosphate, (KsPO.), has 
been substituted for the di-basic, (K2HPO,). 


Mannite Solution for Nitrogen Fixation. 


Tap water - - a 2 - -1000.00 c, c. 
Mannite - - - - - 15.00 grams 
KER ©; =: 2 = 2 = = = Sao grams 
Mg SO, - - 2 = - - .2 grams 
CaCl = . - 3 - .02 grams 
10 per cent solution Fe Cl, i = 2 1 drop 


This was made neutral to phenolphthalein with normal NaOH. 
100 ¢.c. of this solution containing 1.5 grams of mannite were em- 
ployed for each soil examined. It was placed in 500 c. c. Erlenmeyer 
flasks and sterilized in the autoclave for five minutes at 120 degrees C. 
These solutions were inoculated with 20 c.c. of the given soil infusion 
corresponding to Io grams of the soil. The infusion was prepared by 
mixing 150 grams of soil with 300 c.c. of sterile physiological salt so- 
lution (.75% Na Cl), shaking the mixture for five minutes and then 
allowing it to stand for thirty minutes for the coarser particles to sub- 
side, after which the inoculating suspension was withdrawn with a 
sterile pipette. Four flask cultures were prepared from each soil, 
two of which were analyzed for total nitrogen immediately, and the 
remaining two after thirty days’ incubation at 28 degrees C. 

For isolating and growing our stock cultures we have employed 
a mannite agar of the same composition as the mannite solution with 
the addition of 15 grams of agar per 1000 c.c. of solution. 

In isolating Azotobacter from the crude soil cultures we have de- 
pended solely upon repeated plating for obtaining cultures in a pure 
condition. We were troubled a great deal with a small bacillus which 
was almost invariably associated with the Azotobacter colonies in the 
original plates but by replating through three dilutions, sometimes 
three different times, we were able to obtain pure cultures. The inter- 
mediate glycerine solution recommended by Lipman did not prove 
satisfactory in our hands. 

Our stock cultures of Azotobacter were isolated in March, 1910, 
and have been transferred every fourteen days since that time on man- 
nite agar. 

For determining the total nitrogen in the cultures and in the soils, 
we have used the Gunning Method modified to include nitrates as de- 
scribed in the Official Methods of Analysis,? page 8. 

Ms EN ol) ei he 


1, Rept. of Soil Chemist and Bacteriologist, New Jersey Exp. Sta. 1908, p. 137 
2, Bulletin No. 107 (Revised) Bureau of Chemistry, U. S. Dept. Agr. 1908. 
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DISCUSSION ‘OF THE SOILS UNDER sLUDY: 
Nirrocen Fixtnc Power IN SOLUTION. 


: In order that the reader may have a truer appreciation anda 

clearer conception of the actual conditions as they exist in the soils 
about to be described, it has seemed desirable to the writer to accom- 
pany each with a brief description of the field or orchard from which 
the sample was obtained. In several instances, the quantity of nitrate 
found appears to be in excess of all reason, but when measured by the 
damage done to vegetation, it falls easily within the limits of possibil- 
ity. The converse of this proposition is equally true. If we are to 
witness the destruction of a forty-acre orchard in one season, we shall 
need to look for some such powerful agent as nitre occurring by the 
tens of tons to the acre foot. 


Sampies Nos. I, 2, 3, 4. 


It is needless to say that at the beginnig of our work we encoun- 
tered unforeseen difficulties. We were dealing with soils which were 
decidedly unlike other soils, and in which previously unheard of con- 
ditions maintained. Naturally, our first samples were taken from 
those spots where the trouble was unmistakably present, and there was 
nothing to tell us how concentrated the nitrates might become and still 
permit the growth of the soil flora. The results obtained with these 
early samples were rather disappointing inasmuch as they seemed to 
possess practically no nitrogen fixing power when tested out in man- 
nite solutions. Subsequent work, however, showed that the nitrogen 
fixing bacteria, as well as the higher forms of plant life, had been de- 
siroyed by the nitrates. 

After a little experience we were able to establish, in a general 
way, a relation between the appearance and the nitrate content of a soil, 
on the one hand, and the probable occurrence of Azotobacter on the 
other. ‘This made it possible to take samples more intelligently and. 
to avoid the extremely high nitre areas. Samples 1, 2, 3 and 4 will 
serve very nicely to illustrate the relation of nitrate accumulation to 
the presence of the nitrogen fixing bacteria. They were collected 
September 21, 1909. 

All four of these were taken from a forty-acre ‘tract, twenty 


acres of which had been in bearing orchard and the remainder in al- — 


falfa. In 1907 barren spots began to appear in the alfalfa; brown — 
patches, here and there, in the orchard soon became conspicuous, and — 
the trees commenced to die. By igog, fifty per cent of the orchard 
had perished along with the entire twenty acres of alfalfa, and in © 
1910, portions of possibly six rows along one edge and a few trees in — 
a far corner were making their last struggle. The whole center was © 
a barren waste with not a weed to be seen. The greater part was — 
brownish black on the surface, glistening with crystals and to all ap-_ 
pearances wet, but, in fact, covered with a hard, dry crust about 3-16 
inches thick. Beneath this, the next 114 to 3 inches were mealy in- 
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character, a mixture of soil and crystals. Below this, the soil grew 
wet very rapidly and at sixteen inches was practically mud. There 
was no free water at three feet and in a nearby excavation which had 
been made for a cellar, over three feet deep, there was no water, yet 
the soil which varied from a sandy loam to a calcarious clay was de- 
cidedly wet and sticky sixteen inches below the surface. It was nec- 
essary to dig to a depth of six feet to reach the flow of ground water. 

Sample No. 1 was composed of the surface crust of which 
12.523 per cent was soluble in water. 19.822 per cent of this, or 
1.482 per cent of the air dried soil consisted of nitrates. The flask 
culture did not develop a typical brown Azotobacter membrane, but 
rather a whitish yellow scum. This was composed mostly of rod 
shaped organisms with scattering Azotobacter like forms which dis- 
appeared with age. A marked gaseous fermentation of the culture 
solution took place, accompanied by formation of acetic acid. In 
thirty days, this soil fixed 1.05075 m. g. of nitrogen. 

Sample No. 2 came from the mealy layer beneath the crust; 8.44 
per cent of this was water soluble, 15.421 per cent of which or 1.301 
per cent of the air dried soil was nitrates. A very delicate, white 
scum with almost no growth in the body of the liquid was all thai 
was obtained in the culture. There was some fermentation and slight 
acid production with the odor of butyric ether. In thirty days, the 
increase in nitrogen was so small as to be practically negligible, being 
only .5604 m.g. 

Sample No. 3 consisted of the twelfth to fourteenth inch in- 
clusive where the ground was wet. Unfortunately I do not have the 
analysis of this portion of the soil, but in a nearby orchard the fourth 
to fifteenth inch inclusive contained .676 per cent nitrates. In all 
probability, my sample carried less than this since it contained a smaller 
amount of the rich surface material. With this, I secured the Azoto- 
bacter forms in a limited number, comparatively speaking, along with 
the ordinary rods which made up the patchy film and flocculent growth 
of the culture. Some fermentation and slight acid production with a 
cheesy odor were observed. An increase of 3.43245 m. g. of nitrogen 
was obtained after thirty days. 

Sample No. 4 came from near a tree along the edge of the affected 
area. ‘The soil appeared normal and the few trees close by seemed in a 
healthy condition. The surface two inches were removed and the 
second to sixth inch inclusive were collected. A typical chocolate 
brown, wrinkled Azotobacter membrane was obtained with this mater- 
ial in five days. This form was very abundant and dominated in the 
culture which was slightly acid and possessed an earthy odor. After 
thirty days, the determination of nitrogen showed an increase of 
12.4689 m. g. 

A comparison of the results obtained with these four samples sug- 
gests that the nitrates were so abundant in the first two that the 
Azotobacter had either been destroyed or so weakened in virulence that 
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little or no fixation could be accomplished; that the fourteenth inch sam- 
ple, while rich in nitrates, did not carry enough to inhibit entirely the 
growth of the nitrogen fixing bacteria, and that in No. 4, the condi- 
tions were very favorable for these organisms. 


SAMPLE No. 5. 


This sample was procured September 21, 1909, from an orchard 
between the irrigating furrows. The brown surface soil, a light clay 
loam, was removed and a section, including the second to sixth inch, 
was taken. In 1908 a few of the trees had died and the owner, be- 
lieving that possibly this had been caused by lack of fertility, had given 
the orchard a liberal dressing of stable manure. The following spring 
the ground from which the dead trees had been removed, one to two 
acres perhaps, along with-seven or eight acres of the orchard, was sown 
to wheat, but to the dismay of all concerned this, too, failed to grow, 
only a very small per cent ever coming up. During the summer, 1909, 
fifteen to twenty-year-old trees died by the score, beginning early in 
the season and continuing late into the fall. A conservative figure 
for the damage done this year would be the loss of 300 bearing apple 
trees. 

1910 saw a continued spread of the burning, and already in 1911 
the attack is being renewed with increased vigor. 

In the culture solution, the growth took the form of a dull, almost 
continuous scum, with patches of white, gelatinous material here and 
there. There was a slight acid production with the odor of butyric 
ether at times. The microbic flora consisted principally of large rods, 
mycelial threads and many clostridium forms resembling closely, if 
not identical with, Clostridium pastorianum. An increase of 3.0822 m. 
g. of nitrogen was obtained in thirty days. 


SAMPLE No. 6. 


The material for this test was taken from the top of a brown irri- 
gating furrow in a beet field. The surface crust was removed and the 
next four inches used. The soil was a sandy clay and the field was in 
alfalfa in 1906. At this time complaints were received of the appearance 
of bare spots on which the alfalfa was dying out. The largest of these 
was horse-shoe shaped and about one-half acre in extent. The chief 
trouble in this instance was seepage but in 1908 the field was sown to 
oats, and it was not long before a number of brown patches, mealy in 
character, developed on the higher places. When the land was being 
prepared for beets in 1909, there was nothing unusual to create one’s 
suspicion except the seepage. I visited the field in September and 
there were great bare spots surrounded by beets with immense tops. 
This is shown in Fig. 2, page 13. The stand had evidently been 
very poor since some of the barren places would average a half acre 
in area. The soil was mealy and high in nitric acid. That fall the 
land was sown to winter wheat and when I saw it the next summer, 
the whole twenty-five acres was a total failure. 


i eee 
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My sample was secured in September, 1909, and in thirty days gave 
a fixation of 3.57265 m. g. of nitrogen. In culture it produced a lemon 
yellow membrane on the surface with a similar growth in the bottom 
of the flask. There was a slight acid production accompanied by a 
butyric, cheesy odor. 


COLO heel EXPE STAR 


Fig. 2. Nitre spot in a sugar beet field. Sample No. 6. 


SAMPLES Nos. 7 AND 8. 

These samples were taken from a deserted field where the brown 
areas had become very numerous and extensive. The Russian thistles 
which had been the last inhabitants of these spots had died and left 
them bare. Adjoining orchards were suffering from the nitrate 
burning. The trouble was first noticed here in 1908 and in Septem- 
ber of 1909 I took my two samples. No. 6 came from a brown spot, 
five feet in diameter and No. 7 was taken three feet outside this affect- 
ed area. In both cases the surface two inches were discarded and the 
next four inches collected. The soil was a red, gypsiferous cay and 
no water occurred anywhere near the surface. In culture, these two 
resembled each other very closely. They produced a yellow membran- 
ous growth, with some gas, little acid, and a cheesy odor. No. 7 de- 
veloped a more typical Azotobacter membrane than No. 8. This was 
composed largely of the characteristic Azotobacter forms and numer- 
ous other small rods and clostridia, but no brown color developed. 

The membrane produced by No. 8 was not as heavy as No. 7, but was 
made up of practically the same forms. In thirty days soil No. 7 
fixed 3.01215 m. g. and No. 8, 2.87205 m. g. of nitrogen. 

SAMPLE No. 9. 

All of the samples which had been collected thus far had been from 
either high nitre spots or immediately adjoining areas, and it seemed 
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to me quite desirable that we should have a specimen of soil from some 
locality where this nitrate trouble had not been heard of. It looked 
only reasonable that if the nitrates were killing apple trees, they were 
probably also destroying the microbic soil flora, atid J wished to have 
a sample of what might be considered a normal soi! as a check. For 
this purpose we obtained material from an alfalfa field where there was 
no history of any trouble. The ground was light, well drained, and 
judging from the size of the plants, it had been in alfalfa for a number 
of years. ‘The surface two inches were discarded and the next four 
inches were taken jor the sample. 

In ten days a heavy, gelatinous, white Azotobacter membrane 
formed in the culture flask. Azotobacter was the dominant form, 
but other small rods were also present. There was some fermentation 
and an odor of rotten cabbage was developed. After thirty days the 
membrane was brown in color and had the physical appearance of cold 
grease which has hardened on top of a beef infusion and later has been 
disturbed and broken. This soil gave an increase in nitrogen in 
thirty days amounting to 10.15925 m. g. After obtaining this result 
and a similar one with No. 4, I felt pretty well satisfied that the true 
nitrogen fixing power of the soil could not be judged from a sample 
which was taken from either the dark crust of a nitre spot or an area 
where all vegetation had been dead for some time and where a chemical 
analysis showed the nitrates to be extremely high. I felt very confi- 
dent from our work thus far that some of our soils, at least, were 
stocked abundantly with Azotobacter chroococcum, but it was very evi- 
dent that this genus had either been destroyed or become greatly attenu- 
ated where the nitrates were excessive. I am inclined to accept the form- 
er view by way of an explanation since I have plated out crude cultures 
repeatedly which were made from very bad soils and have failed to 
obtain anything which resembled Azotobacter. Again I have had no 
difficulty at all in isolating pure cultures of Azotobacter from crude 
cultures prepared from soils which were high in nitrates, but not ex- 
cessively so, and which a month later developed fatal quantities. After 
my experience with these two samples, I decided to take the soil for 
future work from areas where the nitre was just beginning to manifest 
itself on the vegetation and toward which the wave of nitrate destruc- 
tion was advancing. I am glad to say that I was not disappointed in 
adopting this new way of sampling as the following experiments will © 
testify. 

SAMPLE No. Io. 


In April, 1910, Dr. Headden called my ‘attention to the unmistak- — 
able brown stain on the irrigating furrows of a young orchard belong- — 
ing to the Experiment Station. This was the first indication of the | 
trouble that had been observed in this immediate vicinity. The color — 
was confined to the furrows, there was no mealy condition of the soil — 
and the trees were in perfect health. The soil was a clay loam, well 
drained, with gravel and ground water at 18 to 20 feet. Up to the pres- | 
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ent time no injury has been observed in the orchard. The same brown 
color was very marked along the roadside where the irrigating water 
had been running three days ‘previously. With this soil taken from the 
furrow, a yellowish brown membrane, consisting largely of Azotobac- 
ter, was obtained, and upon analysis the culture “showed an increase of 
7-7055 m. g. of nitrogen in thirty days. 


SAMPLE No. II. 


Sample No. 11 was obtained from an alfalfa field located on river 
bottom land where the water was quite near the surface. Five to ten 
acres of alfalfa had died and the barren spots were brown to black on 
the surface. The soil was a light alluvial formation and admirably 
suited to agriculture. The top four inches were taken for examination 
June 1910. In culture it developed a heavy straw colored, leathery 
membrane, after 48 hours, which was composed of Azotobacter cells 
with many large and small rods. After thirty days, an increase of 
5.11365 m. g. of nitrogen was obtained. 

SAMPLE No. 12. 


A complaint was received from a certain truck gardener in July 
1910, stating that there were places in his garden where, for several 
years, he had been unable to secure a satisfactory stand. At that time, 
his chief trouble was with carrots and parsnips. Three to five acres 
were involved this season, and from the brown appearance of the sur- 
face and mealy character to the tread, the soil looked very suspicious, 
It was a nice sandy loam and no trouble was ever experienced in rais- 
itig crops except on the barren spots. Even on these, when the plants 
became once established, they grew very luxuriantly. A sample con- 
sisting of the three inches of top soil, taken about ten feet from a bar- 
ten place, was procured. ‘This yielded a heavy, wrinkled, pale yellow 
membrane, which browned with age. Azotobacter was abundant and 
after thirty days our analysis showed an increase of 8.61615 m. g. of 
nitrogen in the culture. 

SAMPLE No. 13. 

We come next to an orchard where the burning first appeared in 
1909 on the apple trees. The point of particular interest in this case 
is the marked resistance which a block of pear trees has shown to the 
nitre. There are about three acres of these trees in full bearing and, 
although lying adjacent to a five acre apple orchard which is badly af- 
fected, and in the direct path of the nitre streak, the first injured pear 
tree is ‘yet to be seen. As a matter of fact, this immunity of the pear is an 
occurrence of rather frequent observation. The apple orchard embraced 
about seven acres and the trees were all from twenty to twenty-five 
years old. They had been in perfect condition and yielding abundant- 
ly until the summer of 1909 when the burned leaves began to make 
their appearance. A section in the center of the orchard of about one 
half acre, succumbed that season, but before July, 1910, when I took my 
sample, three more acres had died and had been pulled up and the 


16 CoLORADO EXPERIMENT STATION. 


ground planted to corn. This stand was very poor. Much of it 
died in the ground shortly after germination, while some that did grow, 
attained a height of 8 to 10 inches, with sickly yellow leaves and finally 
died. By the end of fall, 1910, approximately 300 trees had been 
taken out and consigned to the brush heap and wood pile. I have 
learned recently that the remaining acre and a half began dying so 
rapidly this spring (1911) that it, too, was grubbed out. Thus, the 
complete ruin of the seven acres was brought about in less than two 
years. ‘The soil is a sandy loam, underlaid with gravel at 5 to 8 feet. 
There is no water near the surface. The characteristic brown color 
was plainly visible on the crests and sides of the irrigation furrows and 
it was from one of these that I took the top three inches of soil for ex- 
amination. Azotobacter developed readily in culture with the char- 
acteristic membrane and after thirty days an increase of 4.13295 m. g. 
of nitrogen was secured. 


SampLe No. 14. 

The next sample was procured from an orchard where only a 
few trees showed signs of firing in the early summer of 1910. I visited 
this place in July, 1910, and it took considerable diligent hunting to 
find the few scattering trees which were suffering. There were per- 
haps twenty in all. ‘Today six acres of this orchard are dead from no 
other cause than nitre. There was no water at five and a half feet 
and the soil was a nice clay loam. The sample for the fixation test 
was taken from between two rows of trees which seemed to be as badly 
affected as any and included the surface three inches. The ground be- 
tween the trees had been recently cultivated so that any brown stain 
which might have been visible on the irrigating furrows had been ob- 
literated. There was no indication of excessive nitrates in the soil 
other than the burned edges of the apple leaves. Pure cultures of 
Azotobacter were isolated readily from this soil which gave an increase 
of 6.65475 m. g. of nitrogen in thirty days. 


SAMPLE No. 15. 


While looking over the orchard described above I was asked to 
pass an opinion on some apricot trees in a neighboring orchard. They 
were large trees, seven in number, and affected in a most peculiar way. 
The foliage of the entire tree was wilted as if the water supply was — 
cut off; the leaves had a good green color and there was a heavy set of — 
fruit which was just beginning to ripen. A short distance from the 
trees, I discovered the brown color on the soil which we have come to — 
regard as an important symptom of the nitre trouble. I set about at 
once to look for signs of this on the apple foliage nearby, and before — 
I had gone far, my search was rewarded. The number of trees involved — 
was limited to possibly a dozen and these were not burned severely. — 
However, by the end of the season, all of these had died and were taken — 
up, leaving about a quarter of an acre barren. There was some indica- | 
tion of too much water in this orchard and it is very possible that the 
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question of seepage should be taken into consideration here as well 
as the high nitrates. 
A sample, taken near one of the apple trees, showed the soil to be 
a rather heavy clay loam. Inculture it developed a characteristic white, 
gelatinous Azotobacter membrane and in thirty days gave a nitrogen 
increase of 10.15725 m. g. 
SAMPLE No. 16. 


With Azotobacter as widely distributed as the foregoing sample in- 
dicated, there came the natural query, whether this genus was not in- 
digenous to all of our soils in a raw State as well as cultivated. To de- 
termine this point 1 procured my next sample July 13, 1910, from the 
top of an adobe hill which was above all ditches and consequently was 
watered only by the scant rainfall. No vegetation was growing here 
* and because of its location and inaccessibility, I have my doubts wheth- 
er man had ever trod that particular soil before. It was literally raw 
land in the process of formation. The underlying decomposing shale 
from which the shallow soil was being made came to the surface in 
a number of places. The culture solution which was inoculated with 
an infusion of this material showed only a very slight growth, visible 
as a slight turbidity and delicate scum. In fact, this may have been 
due to the infecting substance itself. Microscopic examinations of the 
solution were made at frequent intervals but nothing which resembled 
Azotobacter could be detected at any time. After thirty days, there 
was a slight apparent increase in the nitrogen content of the culture 
but this was so very small, amounting to only .2802 m. g. that it could 
be easily accounted for by the personal equation. It was clear from the 
result obtained here that this virgin soil, at least, possessed neither 
nitrogen fixing power nor nitrogen fixing flora. 


Samees Nos. 17 AND 18. 


After testing sample No. 16 and finding that it was practically 
inert so far as nitrogen fixing power was concerned, we were interested 
in learning what effect cultivation might have upon such a soil since 
many of the orchards which have been in cultivation from 15 to 20 
years were set out in soil similar to this adobe shale. What is more, 
it is in those older orchards which have been irrigated longer and culti- 
vated more vigorously that we find the nitre trouble making the most 
rapid progress. If possible, we wanted to get a soil sample from a 
young orchard recently set in raw adobe shale, where there had been 
but a limited amount of cultivation. We were fortunate in securing 
just suchacase. Ata distance of perhaps a mile from the adobe hill 

' from which sample No. 16 was taken we found a piece of raw land 
which had been broken for the first time in the fall of 1909 and set to 
young apple trees in the spring of r910._ This was watered by a high 
line ditch in which the water had not been superabundant and conse- 
quently it had received but little irrigation, and that during only one 
season. About the only difference between this land and the adobe 
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hill was the difference in the physical condition brought about by culti- 
vation to conserve the moisture. Two samples were taken, Oct. 26, 
1910, from this orchard, one (No. 17) from between the rows of trees 
well out in the tract, and the other (No. 18) from a ditch bank where 
the moisture conditions should have been more favorable for the 
growth of the soil bacteria. In culture, neither of these soils produced 
any surface film and gave only a thin, white membrane in the bottom 
of the flask. The nitrogen determinations after thirty days indicated 
that the soil from the ditch bank had actually lost nitrogen while the 
increase with the other was so slight as to be negligible, (.35025 m. g.) 
If any conclusion can be drawn from the examination of samples Nos. 
16, 17, 18 it would seem to indicate that our adobe shale soils both in 
the raw state and during early cultivation lack nitrogen fixing powers. 


SAMPLE No. 19. 

The next sample was taken July, 1910, in a bearing orchard where 
the burning had appeared for the first time the previous year. There 
was no well defined area in which one could say that the trouble was 
worst but it was scattered throughout. In all, about two and one-half 
acres had been killed when I visited the ranch. The soil is a sandy 
loam which cultivates beautifully. It is underlaid with gravel at five 
and a quarter feet in whch there is a little water at times. A hole six 
teet deep was dug in this orchard and allowed to remain open for one 
year for the purpose of seeing if there was an excess of water in this 
soil which could be removed by proper drainage. At the end of the 
time stated, the hole was as dry as the day it was put down. The brown 
color was plainly visible on the sides and crests of the irrigation fur- 
rows and the trees were dying in a manner that we have come to rec- 
ognize as specific for nitre burning. The sample from this orchard 
was taken from between the irrigating furrows near a tree that was 
just beginning to burn. In culture, there developed a heavy gelatin- 
ous, white, wrinkled membrane with scattered brown patches. Abund- 
ant Azotobacter cells were present. After thirty days, it showed an in- 
crease of 9.807 m. g. of nitrogen. 


SAMPLE No. 20. 

Although I felt reasonably certain at the outset that we would se- 
cure little, if any, fixation with this soil, I was interested in learning 
whether, when an orchard died in a phenonemally short time, as was 
true here, the Azotobacter were likewise killed. There were about 
thirty acres altogether in the orchard, fifteen of which died between 
June, 1909, and July, 1910. Sample.No. 20 was taken from that sec- 
tion which had been destroyed in 1909 and which had received no 
water during 1910 so that by July the surface was very hard and dry. 
The soil varied from a sandy loam to a clay loam with no water 
at six feet. In culture, a delicate, white, membranous film was formed 
on the surface with some flocculent growth in the liquid. A sour, earthy 
odor was developed. The increase in nitrogen amounted to only 2.5218 
m. g. in thirty days, demonstrating again that the concentration of the 
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nitrates, which had proven disastrous to the trees, had also had its 
detrimental effect upon the nitrogen fixing flora. 
SAMPLE No. 21. 

This sample, a red sandy loam, was taken in an orchard, July 1910, 
where the conditions were much the same as those described for No. 20. 
The orchard included about two acres along one side of which ran 
a twenty foot wash so that every chance for good drainage was afford- 
ed. The trees had begun dying here in 1910 and were about all gone © 
by late summer. ‘The soil was brown along the ditch banks and irri- 
gating furrows. In culture a moderately heavy, white film, contain- 
ing Azotobacter, formed on the surface of the medium and there was 
some butyric fermentation. ‘The increase in nitrogen after thirty days 
amounted to 2.8014 m. g. 

SAMPLE No. 22. 

In this sample we have one of the most severe cases of nitrate 
destruction which we have ever recorded. Here is a 90 acre orchard 
which showed the first symptoms in 1908, and today at least forty-five 
acres are entirely dead or will be by fall. The soil varies from a red 
clay to a sandy loam and there is no water at five feet. | When sampled 
late in July, 1910, scattering trees were badly affected, but many were 
showing only a few burned leaves on the water sprouts. The irrigat- 
ing furrows showed a light brown stain, more especially on the crests 
than along the sides, since the orchard had been irrigated recently and 
it was rather difficult to distinguish the brown color from the moist 
conditions of the furrow. There was little doubt at this time that the 
trees were in a very dangerous condition but it was hardly expected 
that in less than a year half of the tract with its fifteen year old apple 
trees would be waste land. This soil gave a heavy white gelatinous 
membrane composed mostly of Azotobacter cells and after thirty days 
the nitrogen of the culture had increased 8.89635 m. g. 

SameLE No. 23. 

We come next to an orchard where the soil is a red clay loam. 
This is one of the more recent orchards to show the burning and 
‘nothing unusual was observed here until July, 1910. At this time very 
few of the trees were killed outright but many were in the first stages 
and some were in a very critical condition The area of the 
orchard was about forty acres and over one half of the trees are dead 
today. The soil showed almost no brown color when I took my sample, 
due possibly to the peculiar red color naturally present. I am in- 
clined to believe that at this time the nitrates had not become extreme- 
ly high or more of the trees would have been killed and we should 
undoubtedly have seen more of the brown stain. The culture from 
this sample showed almost no surface growth but a white membrane 
on the bottom and sides of the flask. Along with this there developed 
a marked foecal odor. Azotobacter was present in quantity. The in- 
crease in nitrogen in thirty days due to fixation amounted to 7.1451 
m. g. 
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SAMPLE No. 24. 


A barley field on the top of a mesa was the next location chosen 
for our work. ‘This particular tract was selected for several reasons. 
In the first place, the nitrates had been accumulating here since 1907 
and had become so concentrated by this time, July, 1910, that the only 


place anything would grow was right along the irrigating furrows and ~ 


even there the grain was very short and thin. Apparently the water 
in running through these had washed out a little of the nitrate from time 
to time and so had reduced the salts to a degree of partial tolerance. 
The soil on top of this mesa, for some reason, is always wet and one 
not familiar with the topography of the country would be very apt to 
suggest that the land was seeped by higher irrigation projects. As a 
matter of fact, this mesa is at least 200 feet higher than the surrounding 
country and there is no possible chance for seepage in the sense in 
which the term is ordinarily used. This peculiar condition seems 
to have resulted from excessive irrigation and a lack of proper drain- 
age. ‘To use a popular expression, the soil has become “water logged.” 
The superabundance of moisture had most certainly favored nitrate 
production and the agents which were responsible for the coloring mat- 
ter, for the soil was as black on the surface as crude oil, and as mealy 
_ beneath as wood ashes. Before taking a sample, the surface crust and 
the next two inches were removed and a section, including the fourth 
to sixth inch inclusive, was obtained. This came from along an irri- 
gating furrow where the barley was making a feeble struggle. In cul- 
ture, there was almost no surface growth and only a moderate white 
deposit on the bottom and sides of the flask. A butyric odor was per- 
ceptible. I was rather surprised to find that after thirty days there 
was an increase of 1.68121 m. g. of nitrogen in the culture. 


SAMPLE No. 25. 

As a source for the next sample, I selected a truck garden on the 
outskirts of a mining town. This was thirty-six miles from the nearest 
case of nitre trouble of which I had knowledge, and so far as I could 
learn nothing of the sort had ever been observed here either on the soil 


or the vegetation. The soil chosen was a very light, deep sandy loam’ 
which from its proximity to the river, I took to be of alluvial formation. © 


All kinds of vegetables, together with strawberries, were grown here 
very successfully. The culture produced with this soil gave a heavy 


gelatinous membrane, light brown in color, and was made up almost 


entirely of Azotobacter. The increase in nitrogen in thirty days 
amounted to 5.8842 m. g. 
SAMPLE No. 26. 
Sample No. 26 represents the soil of a young orchard in which sey- 
eral of the small trees on the high ground had died in 1910 and others 
were looking very suspicious. [he ground was first broken in the fall 


of 1908 and set to apples in the spring of 1909. ‘It was irrigated and 3 
cultivated thoroughly that season and had been irrigated for the third — 
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time in 1910 when I took my sample Oct. 25. Thi soil is a clay loam 
with considerable gravel, in good condition, and so far as I could ob- 
serve there was no brown color visible although this had been reported 
as occurring earlier in the season. The land sloped well so there should 
be ample opportunity for drainage. | When introduced into mannite 
solution, an infusion of this soil produced a heavy, wrinkled surface 
membrane, with scattering brown patches, the growth being almost ex- 
ciusively Azotobacter. The increase in nitrogen in this culture was 
14.7105 m. g. in thirty days. 
: SAMPLE No. 27. 


The material for the next study was obtained from an orchard 
where evidence of nitre was observed for the first time in the summer 
of 1910. This was an old orchard and a number of the largest trees 
were very badly injured but not yet dead. There was no indication of 
the trouble other than the firing of the green leaves. ‘In an adjacent 
orchard, there had been heavy loss the previous year and all signs point- 
ed to a repetition of the disaster for 1910. ‘The soil was a heavy clay 
and my sample consisted of the surface two inches taken between two 
of the affected trees. The culture obtained from the soil infusion of 
this soil yielded a heavy, wrinkled, surface membrane with isolated 
brown patches. The increase in nitrogen in the culture in thirty 
days amounted to 11.3481 m. g. 


SAMPLE No. 28. 


The next sample was taken from what had been a young orchard 
three years previously. It had been given the best of care which may 
have hastened the appearance of the destroying agents. The tract con- 
tained approximately twenty acres sloping gently to the south and west. 
Some years before it was set to orchard, a reservoir had been built 
on the northeast corner, the highest point on the place. This was not a 
success since it was producing a seeped condition in the lower sur- 
rounding country and it had to be abandoned. This was about four 
years before the orchard was planted. The soil is a clayey loam, 
for the most part, underlaid with a shale. In 1908 the mealy nature 
of the surface was first observed. At this time Dr. Headden took a 
sample and states that the conditions did not afford an opportunity 
tor him to judge the color. I have visited this orchard two differ- 
ent times since then and it has so happened each time I have been there 
that the soil either has been so extremely dry that no color was vis- 
ible or else it had just been cultivated and all traces on the irrigating 
furrows had been obliterated. Four acres of the young orchard died 
in the spring of 1909 and by fall the area involved had nearly doubled. 
In Oct., 1910, there were scarcely three acres of the original twenty 
alive. ‘The living trees were all to be found in the five or six rows 
along the highest side of the tract. When the first injury appeared 
in 1909, we learned that this same four acres had given trouble in 
former years, when the land was in alfalfa, so it was to be expected 
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that this part of the young orchard would be the first to go. As fast 
as the trees died they were taken up and in 1910 at least twelve acres 
were sown to corn. Only a very small per cent of this ever reached a 
height of eighteen inches, and much of it never came through the 
ground. All over the area involved there are great barren spots, 
some of them a half acre in extent, where not even a Russian thistle 
will grow. A two inch surface sample was taken from one of these 
spots, October 29, 1910, and contrary to expectation my culture de- 
veloped a yellowish surface membrane with brown patches. Azotobac- 
ter was very plentiful. After thirty days the culture showed an in- 
crease of 8.6862 m. g. of nitrogen. Inasmuch as all vegetation had 
refused to grow where the sample was collected, I had rather imagin- 
ed that the Azotobacter would be killed out as well, and was not 
anticipating any such active fixation as was secured. 


SAMPLES Nos. 29, 30 AND 31. 


The next orchard presents, without exception, the most severe 
case of nitre that has been called to our attention; severe not only in 
point of destruction, but in rapidity of spread as well. We have seen 
orchards where the isolated trees and parts of rows were scattered 
over a large area, but nowhere else have we observed one solid row after 
another, the entire length of the orchard, go down in rapid succession, as 
clean as before a forest fire. The original orchard covered about 15 acres 
of ground sloping gently to the south and, as measured by its produc- 
ing capacity, was in excellent condition up to the winter of 1909-1910. 
At this time a spot about twelve feet in diameter appeared at the lower 
edge of the tract, which the manager stated always looked wet and 
black in color. Little attention was paid to this until the spring of 
1910 when the trees in this vicinity began dying as with nitre. The 
trouble spread rapidly up hill and back into the orchard so that by the 
end of the summer 1910 two and one-half acres had been killed and 
approximately two acres had been taken up. 


I visited the ranch on Oct. 29th and found the barren area very wet 
and boggy in places. The mud was exceedingly sticky and so 
soft in spots that one would sink down ankle deep in walking over it. 
Such spots were usually dark brown or black in color and a little higher 
than the adjacent ground on which a deposit of white alkali had form- 
ed following a light snow. I was told that this was the first time 
the white alkali had been in evidence. The greater part of the barren 
area was white except for isolated elevated patches and a Strip twelve 
to fifteen feet wide along the upper side which was black. All indica- 
tions seemed to point to the fact that the portion occupied by the white 
salts was too wet for the development of the black pigment. That 
the reader may have some conception of the violence of the attack, 
1 may say that plum trees were pointed out to me which three weeks 
before were in perfect condition and now were absolutely dead. (For 
four rows back from the edge of the barren area the trees were either 
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dead or dying (See Fig. 3, Page 23) and beyond these the burning 
seemed to stop. However, twelve rows farther back on the higher 
ground I discovered a single tree which was firing. There was a 
little white alkali nearby but no sign of any brown or black color. I 
took Sample No. 29 from the surface of the soil near this tree. So far 
as I could see, this was the only tree in that part of the orchard which 
was suffering at this time. I visited this same spot January 31, 1911, 
and the spectacle that greeted me was awful, to express it mildly. 
Where three months before there was but a single tree affected, there 


Fig. 3. Section of an orchard killed by nitre. Photographed October 29, 1910. 


were now six to eight acres involved. The soil was brown and very 
mealy. ‘The orchard manager informed me that most of this change 
had followed the last irrigation of the orchard which was given about 
December 1, 1910. He related that three or four days after he 
had finished irrigating, he noticed a dark brown, oil-like spot ten 
inches in diameter near the tree from which sample No. 29 was taken 
and that after twenty-four hours this had increased to twenty-four feet 
in diameter by actual measurment. In spite of all efforts to break 
down this testimony by cross examination and conservative sugges- 
tions, my informant held firmly to the original statement declaring 
that there was absolutely no exaggeration. This particular instance 
most certainly holds all previous records for rapid progress. It was 
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Fig. 4. Apple tree killed by nitre, Photographed October 29, 1910. 
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from this spot as a focal center that the malady had spread so as to 
involve eight acres in an entirely new part of the orchard. On April 
18, 1911, I looked over this proposition again. There was not a shadow 
of a doubt in my mind but that the whole fifteen acres were destined 
to go sooner or later. A conservative figure of the loss up to this 
date was thirteen acres and the balance were dying. The property 
had changed hands three times since my first acquaintance with it 
and the present owner, believing that drainage would relieve the diffi- 
culty, expended over $4000 in putting in some 15,000 feet of drain 
tile. Some little water flows from this drain but as far as ameliorat- 
ing the condition of the orchard, there seems to be practically no 
change. Sample No. 30 was taken from one of the black, wet spots 
mentioned. Since these were of very recent appearance I was inter- 
ested in knowing whether this intense black color was necessarily an in- 
dication of the concentration of the nitrates. On the one hand, if that 
was true, I should expect to get only a very slight fixation of nitrogen 
in the culture; on the other hand, if it bore no immediate relation to 
excessive quantities of the salt, then I would look for larger results. 

Sample No. 31 was collected by Dr. Headden, January 5, 1911, 
from the eight acre section where the nitrates had developed very 
rapidly since December, 1909. When he handed me the material, he 
remarked that he would not be at all surprised if I got no results from 
this soil for it was as brown and mealy as could be. In culture ‘solution 
all three of these samples gave typical brown, wrinkled surface mem- 
branes which a microscopic examination showed to be rich in Azoto- 
bacter. With No. 29, taken from near the single affected tree, the in- 
crease in nitrogen in thirty days amounted to 10.2273 m. g.; with No. 
30, from the black spot, 10.15725 m. g. and with No. 31, 7.9857 m. g. 
The result from No. 30 would seem to indicate that the black color does 
not necessarily mean extremely concentrated nitrates. (Figs. 1, 4 
and 5.) 


SAMPLE, No. 32. 


The next sample was taken October 29, 1910, along the road side 
near the fence, where the soil looked mealy but where there 
was no discoloration, which could be accounted for probably by the 
dry condition of the soil. This’ spot was selected because the road 
mentioned ran alongside a young orchard where the trees had been 
dying from some unknown cause. ‘There was such a combination 
of factors at work in the orchard, namely, neglect, drought and 
possibly nitre that it was hardly safe to venture an opinion on the 
cause of the death of the trees. An alfalfa field adjoining this tract 
showed many barren spots which were suggestive at least. In culture, 
this soil developed a heavy, tough, brownish membrane, rich in Azoto- 
bacter and after thirty days gave an increase of 15.411 m. g. of nitro- 
gen. 
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While it may be early to state any conclusions, even tentatively 
held, the foregoing work suggests the following: 

4 1. Excessively high nitrates in the soil will kill the Azotobacter 
ora. 

2. A limited amount of soil nitrate does not seriously affect 
the nitrogen fixing power of a soil. 

3. Our adobe shale soils, both in the raw state and when newly 
cultivated, possess little if any nitrogen fixing power. 

4. The nitrogen fixing power of our soils is not limited to any 
geographical locality or class of soils, however, the degree of activity 
may vary. 

5. The power to fix atmospheric nitrogen is a property common 
to many cultivated Colorado soils. 

6. Azotobacter chroococcum appears to be the dominant nitrogen 
fixing agent. 


Tue Nirrocen Frxrnc Power oF Sorts In Situ. 


Having satisfied ourselves that certain Colorado soils possessed 
the power of fixing atmospheric nitrogen in solutions, the next point 
on which we wished to inform ourselves was whether these same soils 
had the power of fixing nitrogen im situ. If that could be demonstrat- 
ed, it would be a relatively simple matter to explain the high nitrates, 
for, given the proteid nitrogen from which to make the nitrates, we 
felt reasonably certain that the ammonifying and nitrifying flora would 

take care of the conversion. 


For this part of the investigation two samples of soil were selected 
at random, one from the central part of the state, and the other from the 
northern. Both were from localities where either the nitre trouble 
or the brown stain had been observed. ‘The nitrogen fixing power of 
these soils was determined independently by two different workers, 
the northern Colorado sample by Dr. Headden, and the central by the 
writer. The soils were not handled in the same way by the two of us, 
so it may be well to discuss our respective manipulations. Other 
soils have been studied but these two are of particular interest 
since the results were obtained independently in different laboratories. 


Northern Sample. 


This soil was collected by Dr. Headden, December 12, 1910, from 
the young orchard designated as No. 10 in the preceding series. 
It was screened in a moist condition through a twenty-five mesh wire 
screen and 1200 grams of the moist soil, with no further treatment, 
were placed in a deep culture basin (10 in. x 2 in.) and pressed down 
firmly. The soil moisture was determined and sufficient boiled dis- 
tilled water was added to make eighteen to twenty percent moisture. 

This was maintained throughout the experiment. The soil was incu- 
bated for twenty-seven days in the dark at 28°C. to 30°C. at the end 
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& 
of which time samples were removed for analysis and the total nitrogen 
determined. This showed a gain of 10.54 m. g. of nitrogen per 100 
grams of soil for the 27 days. 


I am indebted to Dr. 'Headden for the following results: 
Total nitrogen at the end of 27 days - 117.79 m. g. per 100g. soil. 


Total nitrogen at the beginning, - 107.25 m.g. per 100g. soil. 
Total nitrogen gained by fixation 
Hite 2 7GAVS, tao 8 Suet ieee ae ae 10.54 m. g.per 100 g. soil. 


Assuming that the fixation, under field conditions, proceeds uni- 
formly at this same rate for six months, it would mean an addition 
of 475.26 pounds of nitrogen or 2,970.41 pounds of protein per month 
for every acre foot, and in six months, this would amount to 2,851.60 
pounds of nitrogen or 17,822.50 pounds of protein, while in a year, 
we should have 5,703.20 pounds of nitrogen or 35,645.00 pounds of 
protein per acre foot. With this increase of 2.85 tons of nitrogen 
or 17.82 tons of protein per acre foot in one year, there certainly need 
be no cause for anxiety over a source of nitrogen for high nitrate 
formation. 

Central Sample. 


This soil was collected by the writer December 30, 1910, and was 
from the same source as the sample designated as No. 29 of the pre- 
ceding series. The soil was first air dried and then passed through a 
40 mesh wire screen. ‘The moisture was determined and found to be 
2.1 per cent. Sufficient sterile distilled water was next placed in a 
deep culture dish (100 m. m. x 30 m. m.) to give 100 grams of the 
air dried soil a water content of 10 per cent. 100 grams of the soil 
were next added to the water in the culture dish and the weight of the 
whole was determined. This weight was kept constant by daily addi- 
tions of sterile distilled water throughout the experimental period. 
The soil was incubated in the dark at 28°C. to 30°C. for thirty days at the 
end of which time samples were removed and the total nitrogen de- 
termined. For every 100 grams of soil there was an increase of 8.22 
m. g. of nitrogen in thirty days. 


Total nitrogen at the end of 30 days, - - 82.11m.g.per 100g. soil 
Total nitrogen at the beginning, - - - 73.89m.g. per 100g. soil 
Total nitrogen gained by fixation in 30 days, 8.22 m. g. per 100 g. soil 


Considering that the fixation, under field conditions, proceeds 
uniformaly at this same rate for six months, it would mean an additon 
of 333.60 pounds of nitrogen or 2,085.00 pounds of protein per month 
for each acre foot, or in six months this would amount to 2,001.60 
pounds of nitrogen or 12,510.00 pounds of. protein, while in one year 
we should have 4,003.2 pounds of nitrogen or 25,020.00 pounds of pro- 
tein. Expressing this in tons per acre-foot per annum, we get an in- 
crease of 2.001 tons of nitrogen or 12.5 tons of protein. 
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Table No. 3. Summary of Fixation of Nitrogen in Soils in Situ. 
Milligrams ni- 


Source of Duration of |trogen per 100] Milligrams ni-| Milligrams ni- 
Sample Experiment g. soil at be-/trogen per 100/trogen fixed 
_| ginning. g. soil at end.Jper 100 g, soil 
Northern Col- 
orado 27 days 107.25 117.79 10.54 
Central Col- 
orado 30 days 73.89 82.11 8.22 


Table No. 4. Increase in Nitrogen per 100 g. of Soil. 


Increase in nitrogen per 100 g. soil as 


Milligrams Milligrams Milligrams 
Source of sample nitrogen protein Na NO, 
3 1 month, 1 year | 1 month] 1 year 1 month; 1 year 
Northern Colo- | 
rado 11.88 142.58 | 74.26 891.12 72.08 865.14 
Central Colo- | | 
rado 8.34 100.08 § 52.12 625.50 50.60 607 .26 


Table No. 5. Increase in Nitrogen per Acre-foot of Soil. 
Increase in nitrogen per acre-foot of soil as 


Pounds protein ppeunGs Na NO, 


Source of sample | Pounds nitrogen 


1 month;1 year ,;1 month| 1 year ,1 month} 1 year 
Northern Colo- | 


rado 475.26 | 5,703.20] 2,970.41) 35,645.00 2,883.82 |34,605.87 
Central Colo- 
tado 333.60 | 4,003.2 | 2,085.00 25,020.00/2,024.21 '24,290.61 


Relation of Soil Moisture to Fixation of Nitrogen in Sou. 


It has been a matter of frequent observation that where there is 
an excess of water, as in land which is unquestionably seeped, or 
where there is a liberal coating of white alkali on the surface, a condi- 
tion indicative of poor drainage, neither the brown color nor the high 
nitrates are to be found. However, along the margin of such areas 
on the higher ground where there is an abundant supply of moisture 
but not too much, we are apt to find both the high nitrates and the’ 
brown color. These two conditions, we have come to associate with 
the presence of the nitrogen fixing organisms in the soil, and the re- 
sulting nitrogen fixing power of that soil. We do not mean to say 
that they are, by any means, a necessary accompaniment, yet they are 
very often found together, and from certain experiments which we have 
made, directed especially toward this feature of the problem, we are 
led to believe that the relation existing among these three factors 
is a dependent one. 
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One step toward the proof of this lay in the demonstration of the 
relation of the moisture content of the soil to the fixation of nitrogen. 
To this end, six deep culture dishes were prepared with varying 
amounts of sterile distilled water each containing sufficient to give 100 
grams of air dried soil with a moisture content of 2.1 per cent the 
following degrees of moisture: 2.1, 10, 20, 25, 30, and 48 per cent 
respectively. 100 grams of air dried soil which was known to possess 
nitrogen fixing powers im situ were added to each dish. It will be 
noted that the first dish contained the air dried soil only, while the 
last, with 48 per cent water, was saturated. The weight of each 
dish and its contents was determined, and every day the loss of water 
by evaporation was restored with sterile distilled water. The soils 
were all kept in the incubator at a temperature of 28°C. to 30°C. for 
thirty days at the end of which time the total nitrogen was determined 
for each. The results of the experiment are given in Table No. 6. 


TABLE No. 6. Relation of Soil Moisture to Nitrogen Fixation in Soil. 


| Milligrams nitrogen per 100 g.| Milligrams nitro- 


Per cent moisture) soil | gen fixed per 100 
At beginning After 30 days &. soil in 30 days 
Fen: 73.89 78.84 | 4.95 
10.0 | 73.89 82.11 | 8.22 
20.0 73.89 80.90 ; 7.01 
25.0 73.89 Oko! 5.24 
30.0 73.89 78.49 4.60 
48.0 73.89 73.85 ae 


The experiment indicates that the optimum moisture content for 
maximum fixation lies between 10 per cent and 20 per cent; that the 
amount of fixation gradually decreases as the saturation point of the 
soil is approached at which it is zero. These results are in perfect 
harmony with our field observations which have pointed clearly to the 
detrimental effect of excessive moisture both on the production of 
brown color and the formation of high nitrates. 


THE RELATION OF NITRATES AND AZOTOBACTER CHRO- 
OCOCCUM TO THE BROWN COLOR. 


The continual occurrence of the brown color on high nitre soils, 
which have been shown to possess nitrogen fixing power, is too con- 
stant an association to be regarded as a mere accident or coincidence. 
This relation needs no further exposition since it has been referred 
to repeatedly in the preceding pages, but before entering into any dis- 
cussion of the subject, it should be understood clearly and emphatic- 
ally that we have no intention of appealing to the nitrates or the nitro- 
gen fixing flora of the soil to explain every brown spot or similar dis- 
coloration that may be found. There are at least two other recognized 
agents that may be responsible for a similar condition. I refer to the 
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well known Black Alkali of the Southwest in which sodium carbonate 
is the active principle in bringing the soil humus into solution, which 
solution, being highly colored, may give the surface a dark appearance. 
Again there are some soils which contain sufficient quantities of cal- 
cium chloride to absorb enough moisture to impart a dark color to the 
soil. I have Dr. Headden’s statement that none of the soils which are 
concerned in this project contain enough of either sodium carbonate 
or calcium chloride to account for this phenomenon. Our problem 
is manifestly different from either of these. 

In our pure culture studies of the Azotobacter flora of these soils, 
we have isolated what appear, in the final analysis, to be six or seven 
varieties of Azotobacter chroococcum. ‘Three of these, at one time 
or another, have produced the characteristic brown color on mannite 
agar. One of these, No. 3, has maintained this character undiminished 
since it was first isolated; the second, No. 93, acquired the color three 
weeks after isolation, retained it for six weeks and then lost it; 
thee third, =4No- ie has sproduced.:a small. amount. of-.a 
light brown pigment at times ever since its isolation but there has 
been nothing constant in this respect until the last six weeks when it 
lias begun to produce a heavy dark brown color. Three of the remain- 
ing four cultures, Nos. 4, 8 and 10, have been characterized by their 
spreading nature and their abundant, moist, raised, gelatinous, starchy 
white to yellowish growth on mannite agar. Morphologically and cul- 
turally, these three possess such differences as seem to make them 
distinct from one another; the fourth, No. 13, differed from all the 
rest in the production of a delicate cream colored pigment; it was 
spreading in habit but flat, not gelatinous and grew only moderately 
well on mannite agar. Unfortunately, this culture was lost early in 
our work, and consequently it has been given no consideration in this 
treatise beyond mere mention. 

The brown color of cultures 1, 3, and 93 served to identify them 
beyond reasonable doubt as Azotobacter chroococcum. The other four 
cultures were left unclassified, for the time being, except to place 
them in the genus Azotobacter after they had been shown to possess 
nitrogen fixing powers in pure culture. 

The close resemblance between the brown pigment formed by 
some of our cultures and the brown color present on certain soils was 
suggestive to say the least. It seemed reasonable to me that there 
might be something peculiar to our soils which could stimulate and 
intensify the pigment producing power of Azotobacter chroococcum. 

To determine this, a number of synthetic agars were prepared, the 
composition of which was based upon the water soluble salts present 
im a certain nitre soil. The carbon was supplied in the form of 
mannite. Each agar differed from every other in the omission of one 
of the compounds, our object being to determine by elimination, if pos- 
sible, if any one constituent was directly responsible for the brown pig- 
ment. ‘The analysis of the water soluble salts in the soil which was 


34 


CoLtorapo ExPERIMENT STATION. 


used as a basis for preparing the different agars, together with the 
composition of the various solutions from which the agars were made 


is given below. 
of agar to each 1000 c. c. of solution. 


The solid medium was prepared by adding 15 grams 


*Water soluble salts in soil used as a basis for synthetic agars. 


dials a : 
Ca SO, - - - - - 
MgSO, - = E bees . 
Keo O. - - - - - - 
Na. SO, - - - . - - 
Na,CO, - = - - - - 
Na Cl areee pure Googie» 
Na NO, - - - - - 
Silicie Acid = = - 
Loss (water, organic matter, etc.) - 


Per 


The water soluble amounted to 2.97 per cent of 


material. 


Solution lacking Calcium Sulphate (Ca SO) 


Distilled water - = - - 1000.00 

Nas sOns- <= - - - =. 9 0668 
Na eos = - - - - 2.8589 
Na Cl - - - - 20.2621 
Na NO, - - - - - 13.5319 
Ke Oy = - - - - 2.0118 
Mg SO, - - - - - 1.7475 
Mannite - - - - - - - 15.0000 


Solution lacking Sodium Carbonate (Naz COs) 


Distilled water - 2 - - - 1000.00 

CaS Ojnne A = = = = 9.4457 
Nae Ss Onna = = Sa = 9.0668 
Na Cl - = = eta - 20.2621 
INGNINIO =e Sei ets : Sn Sip igh Ask) 
Keo 1S Opn = = ae = Drage Sei ntalls 
Me SQ, - - See Se cee ee Stays 
Mannite = - - “ = 15.0000 


Solution lacking Sodium Chloride (NaCl.) 


Distilled water - - - - - 1000.00 

Cals; - - - - - - 9.4457 
Na; SO; - - - - - - 9.0668 
Nanc@O; a - - - - - 2.8589 
Na NO, - - - - Sy a fe = aS oOSLg 
Kees Ox - - - - - - - 2.0118 
WIRE Oh tS ye z eh eae 1.7475 
Mannite - - - - - - - 15.0000 


Cent 
15.902 
2.942 
3.387 
15.264 
4.813 
34.145 
22.781 
.252 
471 


the air dried 


force 
grams 
grams 
grams 
grams 
grams 
grams 
grams 


CHG, 

grams 
grams 
grams 
grams 
grams 
grams 
grams 


Gan; 
grams 
grams 
grams ° 
grams 
grams 
grams 
grams 


*Furnished by Dr. Headden. Bul, 155, p. 17, Analysis XV, 
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Solution lacking Sodium Nitrate (Na Nos.) 


Distilled water - - - - - 1000.00 ce. 
CasSO7e t= - - - ee - 9.4457 grams 
Na, SO, - 2 - bin . 9.0668 grams 
NaliCOn stan = - - SP lie 2.8589 grams 
Na Cl - Pe = ON ee 20.2621 grams 
Ker O.e a= - - Ne ie 2.0118 grams 
Mg SO, = - - Seer 1.7475 grams 
Mannite - - - - - - 15.0000 grams 
Solution lacking Sodium Sulphate (Naz SO.) 
Distitled water - = - < 1000.00 ce. 
CaSO gee = : ae aA 9.4457 grams 
Wa. CO; - a = - - 2.8589 grams 
Na Cl - = ~ = = =) 20,2621 grams 
Na NO, : - - = = - 13.5319 grams 
Kens Onn - - es 2.0118 grams 
Mg SO, - - - me 1.7475 grams 
Mannite - - - - - - 15.0000 grams 
Solution lacking Magnesium Sulphate (Mg SOs) 
Distitled water - = - - £00000" csc: 
CaroOy - - == - 9.4457 grams 
Nay SO; - - - are = 9.0668 grams 
Na. CO, - - - - - 2.8589 grams 
Na Cl - - = = = 20.2621 grams 
Na NO, a - - - - - 13.5319 grams 
Ke SOps os = 2 oe aetine 2.0118 grams 
Mannite - - - - - - 15.0000 grams 
Solution lacking Potassium Sulphate (K2SO.) 
Distilled water - = - = 1000.00 c.c. 
Cars©; - - - = 9.4457 grams 
Na, SO, - : - = 5 - 9.0668 grams 
Nan c@; - - = = = 2.8589 grams 
Nagel - - - = - - 20.2621 grams 
Na NO, = - © = x - 13.5319 grams 
Me SO, - - - = 1.7475 grams 
Mannite - = = fA = - 15.0000 grams 


Solution lacking Mannite (CeHuOs) 


Distilled water - = - - 1000700) cc. 
CazsO; - - = ie 9.4457 grams 
Na, SO, - = = = is - 9.0668 grams 
f Na, CO; - - = = - 2.8589 grams 
Na Cl - = = - 20.2621 grams 
Na NO, < - - = - =) 413.5819 grams 
I yaskO) ain ee - = Va 2.0118 grams 
Mg SO, = = = =e ie 1.7475 grams 


The chemical reaction of these solutions was left unchanged. 
Agars of four different strengths were prepared from each solution 
by diluting the solution once, twice and three times with an equal 
volume of distilled water. The resulting agars, then, contained the 
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above solutions in the following amounts in which S represents the 
original strength: S, S+2, S+4, $+8. 

The agar was placed in test tubes, using about 7 c.c. per tube, and 
sterilized for 5 minutes in the autoclave at 120°C. 

Streak cultures were next made on each agar of each strength, 
using cultures Nos. 3, 8, 93 and a stock culture of A. chroococcum. It 
will be remembered that No. 3 had retained its pigment producing 
power since isolation, No. 93 had lost it and No. 8 had shown little if 
any color beyond a dirty white. The results of these inoculations, when 
observed after fifteen days, are given in Table No. 7. 

The best growth as well as pigment was secured on those agars 
represented by the formulae S+4 and S=8. . 

An inspection of the above table, No. 7, shows very clearly that the 
two limiting factors in the pigment production are sodium nitrate and 
mannite. The growth obtained on the agar lacking mannite was so 
very slight that it was, indeed, difficult to say whether there was any 
actual growth or whether it was just the line of the original transfer. 
This was not the case in the agar lacking sodium nitrate. The line 
of inoculation was well defined in all and in two there was a moderately 
heavy growth. There was absolutely no brown color but only a dirty 
white with culture No. 3 and the stock culture of A. chroococcum. In 
culture No. 8, there was a small amount of brown pigment at the bot- 
tom of the streak, and in the water of condensation, the remainder of 
the growth being dirty white; culture No. 93 contained a few brown- 
ish specks in the water of condensation, which under ordinary circum- 
stances would have been overlooked; the streak proper was dirty white 
in color. Without exception, all the cultures produced abundant choco- 
late brown to black pigment on all the different agars except those lack- 
ing mannite and sodium nitrate. I feel that we are not begging the 
question when I make the statement that the reason we obtained no 
pigment in the absence of mannite was because we had no growth. To 
me, it was perfectly clear from the results of this series, that given 
a source of energy, the nitrate was the limiting factor in the formation 
of the dark brown color. I am not prepared to say, just now, whether 
the nitrate acts as a stimulant to growth, pure and simple, or whether 
it exercises an oxidizing function on certain bacterial products. 

The results of this study were so striking and so self convincing 
that I have had two sets of the cultures reproduced in colors as near- 
iy like the originals as possible. hese were made from 20 day cultures 
by Miss Palmer, the Station artist. The upper set in Plate I, 
shows Culture 8, the lower, Culture 93. The numbers 1, 2, 3, etc. on 
the tubes indicate the composition of the agar as follows: 


1. Lacking Ca SO. 5. Lacking Na: SO. 
2. Lacking Na: COs 6. Lacking Mg SO. 
3. Lacking Na Cl 7. Lacking K: SO. 
4. Lacking Na NO: 8. Lacking Mannite. 
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By a system of elimination, we have shown above, that ia the ab- 
sence of nitrates there is practically no pigment formation. I was in- 
terested next in knowing just how necessary the other salts were to the 
production of the brown color, and whether the nitrates alone might 
not give the desired result. In order to determine this last point, a 
stock glucose agar was prepared as follows: 


Stock Glucose Agar. 


Tap water - = - - - 1000 ¢. ¢. 
Glucose - - - - = - 20 grams 
Agar-agar - - - - == 20 grams 


Glucose was substituted for mannite since two of my cultures 
produced pigment on the standard mannite agar, and it was determin- 
ed experimentally that if this substitution was made in the stock agar, 
practically no color resulted with any of the cultures. By doing this 
all brown pigment producing factors were eliminated, and I had a 
medium which would support growth and to which the limiting com- 
pounds could be added. 


A io per cent solution of Na NO: was prepared in distilled water 
and sufficient quantities of this were added to different lots of the 
stock glucese agar to give them a Na NO; content of 0.0, .01, .03, .05, 
.08, 0.1, 0.3 and 0.5 per cent respectively. In a 1o per cent solution 
cf Na NO,, 0.1 ¢. c. contains .o1 grams of Na NO:. In order to ob- 
tain the above percentages, the following amounts of this 10 per cent 
solution were added to respective 50 c. c. lots of liquified stock glucose 
ARAL OO; 108 'C: Cr, OLS C.Cy O25 CC) 0:4 CCs'Oc5 CC. 15 Cie ame c a eres 
The agar was placed in test tubes, sterilized for five minutes at 120°C, 
in the autoclave and slanted. Agar stroke inoculations were made 
on these with cultures Nos. 1, 3, 4, 8, 10, 93 and stock A. chroococcum 

Our results with the series were gratifying beyond expectation. 
At the end of fourteen days, we had secured either an intense chocolate 
brown or a black pigment with every one of our cultures on those 
agars which contained the Na NO:, but absolutely none on the control. 
The pigment varied in intensity with the amount of Na NO, pres- 
ent, the optimum quantity for the darkest pigment being between .05 
and .o8 per cent. In the early growth of the cultures a very nice 
gradation could be seen in the intensity of the colors, beginning with 
none in the control, a light brown in the .o1 per cent, and a shade 
darker in each tube as the amount of Na NO; increased until the deep 
chocolate brown or black was reached at .o5 and .08 per cent after which 
the shade of brown became somewhat lighter and remained almost con- 
stant. With age, this gradation of color was lost, al tubes except 
.o1 and .03 per cent, showing an almost uniformly dark chocolate brown 
or black pigment. Plate II, prepared from twenty day cultures, illus- 
trates culture No. 8 of this series. Beginning at the left hand side. 
the tubes contain 0.0, .O1, .03, .05, .08, 0.1, 0.3 and 0.5 per cent of 
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Na NO: respectively. After one has seen this experiment there can be 
no questioning the fact, that given a supply of carbon, Na NOs, of and 
by itself, can cause A. chroococcum to produce a chocolate brown to 
black pigment. 

This observation is substantiated by the work of Beijerinck! in 
which he has shown that “Pigment formation could also be observed 
in pure cultures if the mannite was replaced by dextrose and nitrate in 
minimum quantities was added.” In the application of these results 
to field conditions, we have a very tenable explanation of the brown 
color of the soil. It has been shown that these soils are abundantly 
stocked with Azotobacter chroococcum, and in the presence of the large 
amount of nitrates which they carry, the inevitable consequence must 
be the production of an intensely brown pigment, which has brought 
the brown spots to our attention. 

In 1904 Heinze? expressed the view that possibly the dark color 
of soil was due in a degree to the pigment of A. chroococcum. Lohnis* 
was not inclined to accept this statement, but Omeliansky and 
Ssewerowa’ are of the opinion that while it would be a mistake to at- 
tribute the dark color of soils to this cause altogether, one has no 
right to deny the possibility of its occurrence. They have shown ex- 
perimentally that a brown pigment is produced by Azotobacter in a 
medium containing chalk and hydrolized starch, both of which are 
present in soils as Ca CO: and as decomposed plant tissue respectively. 
Therefore, they concluded that, ‘““[he part which Azotobacter plays in 
the dark color of the soil is not to be overlooked.”’ 

The intensely brown pigment which all of our cuitures have 
shown in this and the preceding series seems to identify them all as 
varieties of A. chroococcum, and consequently they may be, consider- 
ed as such in this bulletin. The variation which has been noted 
before is in perfect harmony with the observations of Omeliansky and 
Ssewerowa* who state that, “Between the colored and_ colorless, 
intermediate forms exist in which the pigment formation is more or 
less limited.” 


Tur RELATION oF NitROoGEN COMPOUNDS OTHER THAN NITRATES TO 
‘THE PRODUCTION OF BRowN PIGMENT. 


Now if nitrates by themselves can bring about pigment production, 
may not the same be equally true of other forms of nitrogen? ‘To 
answer this question, a number of different agars were prepared, each 
containing a different form of nitrogen. ‘The list included nitrogen 
as peptone, asparagin, ammonium chloride, ammonium sulphate and 


1. Cent. £. Bakt. Abt. IT, Bd. 7, p. 561. 1901. 

2. Cent. —. Bakt., Abt. II., Bd. 12, p. 357; Bd. 16, p. 341. 1906 
3. Lohnis, Handb. d, Landw. Bakt. p. 712. 

. Cent. f. Bakt., Abt. II., Bd. 29 p. p. 649, 650, 1911. 

. Cent. f, Bakt., Abt. 11., Bd. 29, p. 643. 1911. 
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sodium nitrite. | With the exception of the peptone, a solution of each 
was prepared containing the nitrogen equivalent of a ten per cent. 
solution of Na NOs. This was done so that the various agars would be 
comparable to the sodium nitrate series in point of nitrogen content. 
The percentage equivalents for the salts mentioned, corresponding to a Io 
per cent solution of Na NO: are as follows: 


Asparagin - - -  - 8.8231 per cent 
NEC era bees -, -  - 6.2887 per cent 
(NH;)2SO; - - - 6.5894 per cent 
Na NO. - - -' 8.1189 per cent 


The proteid (peptone) agar was made by adding to the stock glu- 
cose agar, standard nutrient broth, neutral in reaction, in the 
following proportions: 0.0, .1, .2, .5, .8, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 
8.0, 9.0, and 10.0 per cent. The other agars were prepared by adding to 
respective lots of stock glucose agar the above solutions in amounts 
corresponding to 0.0, .OI, .03, .05, .08, 0.1, 0.3 and 0.5 per cent of 
Na NOs. For every 50 c. c. of the stock glucose agar the following 
quantities of these solutions were required to give the above per- 
Centages’, . LO:0%Gy C5. 205 1n Ca TSC. Co 2h CaCl ay, CEG, vem nGmee 
1.5 c. c. and 2.5 c.c. respectively. The six different agars were placed 
in test tubes using about 7 c. c. each, sterilized in the autoclave for five 
minutes at 120°C, and slanted. Stroke cultures were made on these 
employing cultures Nos. 3, 8, 93 and our stock culture of A. chroo- 
coccum. . 


At the end of eighteen days, there was no brown pigment pro- 
duced by any of the cultures on the proteid nitrogen agar containing 
beef broth, although there was luxuriant growth in all of the tubes. No 
pigment whatever, was made by any of the cultures on either the amido 
nitrogen agar, containing asparagin, or the ammonia nitrogen agars, 
containing respectively NH: Cl and (NH:)2SO.. The growth ranged 
from slight to moderate. On the nitrite nitrogen agar, with cultures 
Nos. 8 and 93, we obtained a decided chocolate brown in the tubes 
which contained the NaNO: corresponding to .ot per cent NaNOs. All 
of the inoculations with these two organisms grew, but without color. 


Culture No. 3 gave a brown and chocolate brown pigment with NaNO:. 


corresponding to .or and .03 per cent Na NOs respectively. The stock 
culture of A. chroococcum grew very feebly on this agar as on the others, 
and produced no pigment. Control cultures on the stock glucose agar, 
to which no nitrogen was added, were carried along with the above. 
Growth took place but there was no evidence of any pigmentation. 

The results of this work indicate that in the presence of nitrates, 
A. chroococcum produces an intensely brown to black pigment; that 
nitrites in certain proportions, exercise this influence to a less degree ; 
and that nitrogen as NH. Cl, (NH:)2-SO., asparagin, and peptone has 
no effect upon this function. 
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SOLUBILITY OF THE PIGMENT. 


In their extended studies on the formation of pigment by A. chro- | 
ecoccum, Beijerinck!, Omeliansky and Ssewerowa? have found that the 
pigment is insoluble in the ordinary solvents. On this point, Beijerinck 
says, “Insoluble in water, alcohol, ether, chloroform, carbon disulphide, 
the pigment went into solution under the influence of alkalies, whereby 
it probably underwent a chemical change.”” Omeliansky and Ssewerowa 
state that, “The pigment is insoluble in the usual solvents. Only under 
the action of alkalies does it go into solution, thereby, nevertheless, 
changing itself chemically.” 

The relation of alkalies to the solution of pigment, as described by 
these investigators, suggests a further explanation for the brown stain 
which we find on the ditch banks and irrigation furrows. May it not 
be possible that under the influence of the soil nitrates, Azotobacter 
chroococcum produces an intense pigment which is brought into solu- 
tion by the alkaline soil waters, and once in solution, the coloring mat- 
ter is carried to the surface where it becomes concentrated and pro- 
duces the characteristic appearance? While we have given but little 
consideration to this explanation of the color, we have reasons for 
believing that there is more to this hypothesis than mere speculation and 

- idle fancy. 
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SUMMARY. 


The power to fix atmospheric nitrogen is a property common to 
many cultivated Colorado soils. 

This power is not confined to nitrogen fixation in solutions, but is 
manifested in soils as well. 

“The rate of fixation of nitrogen obtained is sufficient to account 
for the nitrates found in the soil provided that it is nitrified. The rate 
of nitrification obtained is sufficient to account for the formation of the 
nitrates found, in most cases if not all of them.” 

The nitrogen fixing power is not limited to any geographical 
locality or class of soils, however, the adobe shale soils, both in a raw 


1Loc. cit. page 39. 
2Loc, cit., page 39. 
3Bulletin ‘178, p. 96, Colo. Exp. Station, 1911. 


42 CoLorRApo EXPERIMENT STATION. 


state and newly cultivated, possess little, if any, nitrogen fixing power. 

Excessive nitrates either destroy or greatly attenuate the nitrogen 
fixing flora of a soil. 

A limited amount of soil nitrate does not seriously affect the 
nitrogen fixing power of a soil. 

Azotobacter chroococcum appears to be the dominant nitrogen 
fixing organism in the soils studied. 

The dark brown color of the nitre soils is due, in a large part, to 
the pigment produced by Azotobacter chroococcum. 

Given a source of energy, the nitrate is the limiting factor in the 
production of the brown color. 

In the presence of nitrates, Azotobacter chroococcum develops a 
chocolate brown to black pigment; nitrites, in certain amounts, produce 
similar results, but to a less degree; nitrogen as NH: Cl,( NH:)2 SO,, 
asparagin, and peptone has no effect upon this function. 

The highly colored extracts obtained from certain nitre soils sug- 
gest that the pigment of Azotobacter chroococcum may be soluble in 
the alkaline soil waters. 

Excessive soil moisture, by interfering with the growth of Azoto- 
bacter chroococcum, prevents the formation of the brown color on the 
soil, and makes the fixation of atmospheric nitrogen impossible. 
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